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THE SPHENOIDAL SINUS 


An anatomical and roentgenologic study with reference to 
transsphenoid hypophysectomy 


by 


G. HAMMER and C. RADBERG 


‘Lhe treatment of tumours of the hypophysis has for long been surgical and 
during the last ten years hypophysectomy has been introduced as a method of 
dealing with metastases from carcinoma of the breast and for diabetes mellitus 
associated with angiopathy (Lurr, OLiIvecrona and SjOGREN 1952, 1953). 
The operation is performed by the transcranial exposure of the hypophysis. 
Various types of transsphenoid operations have come into use on an increasing 
scale. EscuerR and Rorn (1957) and Gissetsson (1957) have employed the 
transethmosphenoid route by the Chiari method while HAMBERGER et coll. 
(1961) have introduced the transantrosphenoid method. 

There are numerous anatomical variations of the sphenoidal sinus. Varia- 
tions in its size will affect the boundaries of the hypophysis, i. e. the anterior 
wall and the floor of the sella turcica will possess a varying thickness and degree 
of protrusion into the sphenoidal sinus. The lateral extensions of the anterior 
wall, and thus the distance between the carotid arteries and the cavernous 
sinus, may vary within a fairly wide range. Bony septa frequently occur in the 
sphenoidal sinus; their position is inconstant and they may sometimes impede 
the surgical approach. 

The topographic anatomy has a decisive bearing on the operability and 
surgical approach. Preoperative roentgenologic analysis therefore plays an 
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PRESPHENOID CENTERS 


ZONE OF FUSION BETWEEN 
PRE- ANO POSTSPHENOID CENTERS 


SMALL WING 


SELLA TURCICA 


POSTSPHENOID CENTERS LINGUAL CENTER 


Fig. 1. Line drawing of sphenoid GREAT W NG 
bone from above, showing the nuclei 
from which the central parts 


develop. 


essential part in planning transsphenoid hypophysectomy and enhances he 
possibilities for rapid and uncomplicated conduct of the operation. 

The present investigation was designed to survey the anatomical variations 
of the sphenoidal sinus and the possibilities of analysing them roentgenologic: \ly. 
Special attention was given to the relationship of the sella turcica to the 
sphenoidal sinus. 


Material and Methods 


A collection of specimens as well as a series of patients were investigated. he 
former consisted of anatomic specimens from 120 consecutive autopsies in cases 
without intracranial disease. A portion of the base of the skull comprising the 
body of the sphenoid bone with contiguous structures was removed post 
mortem. Roentgenograms as well as tomograms of the specimens were ob- 
tained in axial and lateral projections. The anterior wall of the sphenoidal 
sinus was then opened and the latter inspected. The specimens were sawn in 
two, usually in the sagittal plane but sometimes in the frontal or the horizontal 
plane and, following removal of the mucous membranes, all specimens were 
photographed. The dimensions of relevant structures in the sinus were dcter- 
mined; the thickness of the anterior wall of the sella turcica was measured at 
different points with a micrometer and recorded with an accuracy of 0.1 mm. 
Unless otherwise stated, the figures given are based on this collection of spec- 
imens. 

The living material comprised 103 cases of transsphenoid hypophysec' omy 
for metastases from carcinoma of the breast (68 cases), other metastases 10), 
and diabetes mellitus (25 cases). The findings at preoperative roentgen exam ina- 
tion and at operation were compared. 

Preoperative roentgenograms of the sphenoidal sinus and the sella tv cica 
region were taken in true lateral, antero-posterior and full axial as w |! as 
oblique projections. Thus three lateral films were obtained, one with the cam 
directed true laterally and two with the tube angled 5° cranially and caw ally, 
respectively. Another four films were obtained in the axial projection, twe with 
the tube angled 3° cranially and caudally, respectively, for stereoscopy and 
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SPHENOID SINUS 


Yyy ZONE OF FUSION 
Y / KS OVAL FORAMEN 
he 
SELLA TURCICA 
ily. 
the 
Che 
CASes 
the 
post << 
ob- 2 wi 
oidal 
vn in 
ontal c d 
sini Vig. 2. Sphenoidal sinuses of conchal type. a) Schematic representation of sphenoid bone, hori- 
leter- zontal section. Small sphenoidal sinuses situated laterally and separated from each other and 
ed at from the hypophysis by a thick bony wall. b) Midline section through sphenoid bone. The small 
a sphenoidal sinuses are not discernible in this section, since they are situated lateral to this plane. 
mm. The bone anterior to the hypophysis is partly compact and partly cancellous. (Scale in milli- 
spece metres.) c) and d) Axial and lateral roentgenograms of specimen. Indistinct small sphenoidal 
i sinuses but zones of sclerotic and spongy bone anterior to the hypophysis are clearly discernible. 
Sphenoidal sinuses (—-), anterior wall of tuberculum sellae (++), dorsum sellae (#4). 
10), 
mina- another two films with the tube angled 5 to 10° towards either side. The main 
purpose of these angled roentgenograms was to secure not only a true rendering 
y-cica of the sphenoidal sinus, but to demonstrate any septa which might be present. 
- {las Th se are sometimes so thin as to be discernible only when they lie in the same 
eam plaie as the beam and it follows that views in varying projections are often 
ally, req tired to establish their number and position. The anatomical relations in 
¢ with the sphenoidal sinus and sella turcica regions were further clarified where 
. and nec ssary by tomography. For this latter, a simultaneous procedure was 
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generally employed and seven cuts with minimum intervals of 0.5 cm we 
obtained, During the earlier part of this investigation only one tomograpl! 
apparatus, producing blurring with linear movement, was available but \ 
subsequently also had the use of a further apparatus, a polytome which produc : 
pluridimensional blurring of irrelevant structures. The tomograms we 
obtained in antero-posterior, lateral and axial projections but tomograms 
oblique projections were obtained in those cases in which relevant structures | y 
across the plane of the central beam in the standard positions. With linc ir 
blurring the movement of the tube should preferably be perpendicular to t 
main direction of the structure to be studied or form an angle of at least abc it 
10 degrees with it. 


Development on the sphenoidal sinus 


In the third month of intrauterine life the primitive sphenoidal sinus 
appears as an invagination of the nasal mucosa in the posterior portion of the 
nasal capsule. A pouch-like cavity is formed in the cartilage by its expansion 
backwards and downwards, the walls of the cavity being called the sphenoical 
concha or the ossicles of Bertin. The ossification of this structure begins during 
the fifth month but not until the fourth year of life does fusion take place with 
the sphenoid bone proper and pneumatization begin. The extent of this pneuma- 
tization is best understood with due appreciation of the development of the 
sphenoid bone (Fig. 1). 

The body of the sphenoid develops from four symmetric nuclei — two pre- 
sphenoid centers at the front, for the anterior part, and two postsphenoid 
centers behind, from which the posterior portion develops. The cartilage be- 
tween these two parts disappears at about the time of birth; the zone of fusion 
between them is at the level of the tuberculum sellae. The sella turcica develops 
solely from the postsphenoid portion (Nitus & Le Picarp 1933) and the bone 
is formed from lingual centers triangular in shape along either side of the body 
of the sphenoid. The various zones of fusion between the nuclei present a 
greater resistance to the pneumatization of the growing sinus than do the 
nuclei themselves (Totpr 1883, Cope 1916—17, Concpon 1920, Van Gitse 
1922). The bony septa found in the adult sinus are usually located at the sites 
of these zones of fusion. The sinus extends to the posterior portion of the sphe- 
noid bone before the age of ten years and attains its true size around puberty. 
Extension into the greater wings may occur. The spheno-occipital synchon ‘ro- 
sis, on the other hand, is not ossified until the sixteenth to eighteenth yezr of 
life. Thereafter the sphenoidal sinus may also expand into the occipital bo ec. 


Different types of sphenoidal sinuses 


The size of the adult sphenoidal sinus varies widely (Dixon 1937). “he 
sinus has been classified into different main types according to variations ° _ its 
posterior limits. Planes of fusion between nuclei have been used as boun ary 
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SELLA TURCICA 


d 


Fig. 3. Sphenoidal sinuses of presellar type. a) Schematic representation of sphenoid bone, horizontal 
section. The sphenoidal sinuses do not extend posteriorly beyond the zone of fusion between the pre- 
and postsphenoidal portions of the body. b) Midline section through sphenoid bone, right half, as 
viewed laterally from inside. Plane of section indicated by the broken line in (c). The sphenoidal sinuses 
are separated from the hypophysis by cancellous bone. The intersinusal septum is pierced. Right 
sphenoidal sinus marked by broken line. c) Axial roentgenogram of specimen. Broken line indicates 
plane of section of the preparation. Upper border of dorsum sellae discernible (arrows) but not the 
anterior wall of the sella, probably due to unfavorable projection. d) Lateral roentgenogram of entire 
specimen. Posterior limits of right and left sphenoidal sinuses clearly shown. Anterior wall of sella turcica 
, a about three times as thick on the right as on the left side. 


lincs and intermediate types have also been reported (Gipson 1912, Cope 
19'6—17, Concpon 1920, Maumoup 1958). 

\Vith regard to transsphenoid hypophysectomy it is appropriate from a 
prectical clinical standpoint to divide sphenoidal sinuses into three types: a 
cor chal, a presellar and a sellar type. The designations ‘presellar’ and ‘sellar’ 


405 
n 4 \ x 
a b 
US 
ion My 
one = 
ody 
nt a + 
the 
LSE 
sites 
phe- 
«{ro- 
of 
“he 
its 


G. HAMMER AND C. RADBERG 


== ZONE OF 
EE FUSION 


OVAL 
FORAMEN 


SELLA 
TURCIGA 


d e 


Fig. 4. Sphenoidal sinuses of sellar type. a) Schematic representation of sphenoid bone, horizontal 
section. Both sphenoidal sinuses extend posteriorly beyond the zone of fusion between pre- and _post- 
sphenoidal centers. b) Medial section through sphenoid bone, right half, as viewed laterally from 
inside. The anterior wall and the floor of the sella appear thicker than in the tomogram (e) due to the 
fact that the specimen is cut through the attachment of the intersinusal septum. c) Axial rocnt- 
genogram of specimen. Both the right and left sinus extend posteriorly well behind the anterior wall | ++ 
of sella turcica. d) Lateral roentgenogram of entire specimen. Posterior wall of the sphenoidal sinus 
situated further dorsally on the left (++) than on the right (—) side. Carotid prominence ( +). 
e) Tomogram through left sphenoidal sinus. Anterior wall of the sella turcica only 0.5 mm. Compare 
this to (d) where the anterior wall and floor of the sella appear to be | to 2 mm thick, due largely ‘oa 
slightly oblique projection. 


which largely correspond to presphenoid and postsphenoid types (Co) 
were chosen for the purpose of indicating more distinctly the relationshi;: of 
the sinus to the sella turcica. The boundary between the presellar and the se !ar 
type is defined by a line running perpendicular to the sphenoidal plane thro igh 
the tuberculum sellae. This boundary line, which closely coincides with he 
plane of fusion of the anterior and posterior parts of the sphenoid bone, is « isy 
to define in roentgenograms. 

The two sphenoidal sinuses are separated by an intersinusal septum In 
our investigation no supernumerary sphenoidal sinuses were encountered. ior 
have we seen them described in the literature. 
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INTERSINUS SEPTUM 
FRONTAL LATERAL SEPTUM 


SAGITTAL LATERAL SEPTUM 


5.Schematic representation 
of .orizontal section through 
sp! noid bone showing varying 
types of septa. 


MEDIAL SEPTUM 


onchal type This type does not extend further posteriorly than the plane of 
fu on of the sphenoid concha and the body of the sphenoid bone. The sphenoid- 
al .inuses are very small and separated from the sella turcica by a cancellous 
be 1e wall approximately 10 mm thick (Fig. 2). This wall may, however, 
co sist partly of sclerotic bone. The sphenoidal sinuses are situated well 
lai rally and are separated from each other by a thick bony septum. This type 
is are; in the present series it was found only in three cases (2.5 per cent). 


’resellar type. This type does not extend posterior to the line of fusion of the 
prsphenoid and postsphenoid portions of the body of the sphenoid (Fig. 3). 
The sella turcica is generally separated from the sphenoidal sinus by spongy 
bone and the anterior wall of the sella turcica does not bulge into the sphe- 
noidal sinuses. In this type the intersinusal septum generally runs in the 
sagittal plane, with no major deviations to either side. The pneumatization is 
not symmetrical and generally one sphenoidal sinus is slightly larger than the 
other even if both are of the presellar type. In our series of specimens a pre- 
sphenoid type was found bilaterally in 13 cases (approximately 11 per cent). 


Sellar type. In this type the anterior wall and frequently the floor of the sella 
turcica appear as a protrusion into the sphenoidal cells. As a rule the anterior 
wall of the sella turcica is exceedingly thin and does not contain spongy bone 
(Fig. 4). Cancellous bone is not infrequently found, however, in the floor. The 
sellar type is the commonest and, in the present series of specimens, occurred 
bilaterally in 71 cases (59 per cent). 

Both a presellar and a sellar type may be found in the same case, pneumatiza- 
tion having reached a far more advanced stage on one side, often at the cost 
of the contralateral sinus. Such mixed forms, with one sinus of the presellar 
type and the other of the sellar type, were found in 33 cases (27 per cent). 
The total number of cases with at least one sphenoidal sinus of the sellar 
type thus amounted to 104 (86 per cent). 

lor determination of the type roentgenographically, one axial and one 
lateral view are usually sufficient. Since in the conchal type of sinus (Fig. 2, 
c) «nd d) the bone around the sinuses is thick and often partially sclerotic, 
hee vily exposed films are required for correct evaluation. 
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Fig. 6. Intersinusal septum. a) and b) Medial section through specimen of sphenoid bone, right (a 
and left (b) halves, viewed laterally from inside. The intersinusal septum, which has been pierced (b), 
has a ‘scoliotic’ course in the frontal plane. The lower (left) and the upper (right) parts of it thus are 
vertical and the intermediate part has a more horizontal course. Upper vertical part (++) and horizontal 
part (—) attached to anterior wall of sella. The lower vertical part (++) is situated so far to the left 
that it has no direct relationship to the anterior wall. A frontal lateral septum (—) is present in right 
sphenoidal sinus (a). c) and d) Lateral roentgenograms of entire specimen (turned in both direc: ions 
to facilitate comparison with photographs of specimen). The horizontal portion of the intersi; usal 
septum (—) appears double-contoured probably because the roentgen beam is tangential ‘> its 
different parts. The frontal lateral septum (—>) and the horizontal portion (—) of the intersiusal 
septum may together simulate a complete transverse septum. e) Axial roentgenogram of spec: nen. 
The upper vertical portion of the intersinusal septum (+4) may be overlooked, leading to mis: \ter- 
pretation of its course. The lower vertical part (++) appears more distinct than the upper ve" ‘ical 
part as the former lies more in line with the beam. Vomer and rostrum sphenoidale (—>). An rior 
wall of sella (»—-). Uppermost part of dorsum sellae («—). 


If the sinuses are indistinct in conventional roentgenograms, their bound. ‘ies 
may be determined from tomograms in different projections. 
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Fig. 7. Intersinusal septum and sagittal lateral septum. a) Frontal section through sphenoidal 
sinuses just anterior to the tuberculum sellae. Intersinusal septum (—-) as well as sagittal lateral 
septum (++) have their posterior superior attachments in the left and right carotid prominences 
respectively. b) The intersinusal septum and sagittal lateral septum may be difficult to differ- 
entiate in axial roentgenograms. In this case they are both oblique and therefore have double 
contours. c) and d) The two septa may be differentiated by tomography. In a section through the 
anterior part of the sphenoidal sinuses (d) only the intersinusal septum (—) is seen. The sagittal 
lateral septum (++) reaches the anterior wall of the sinus only in the basal part. Anterior wall 
of sella (+4). 


Septa in the sphenoidal sinuses 


In addition to the intersinusal septum, others extending in different directions 
may be found. They may be classified as follows: transverse septum, medial 


sepium, and lateral septa which are divided into frontal lateral and sagittal 
lateral. 


/ tersinusal septum. This septum, which separates the two sphenoidal sinuses, 
was found in all specimens. It lay in the midline throughout its course in 31 
cas; (approximately 25 per cent). The intersinusal septum usually runs in 


F 
5 
a b 
| 
d 
it (a 
1 b 
is are 
ontal 
left 
ight 
clions = 
to its 
inusal 
ien. 
tical 
-rior 


G. HAMMER AND C. RADBERG 


Fig. 8. Transverse septum. a) Median section 
through body of sphenoid bone. A transverse septum 
(>) extends to the base of the sphenoidal sinus from 
the upper part of the anterior wall of the sella. b 
and c) Lateral and axial roentgenograms. The mv- 
dial portion (++) of the thin transverse septum is 
more curved than the lateral portion (+). 


the midline only anteriorly. The posterior part often deviates more or less to 
the sides and is accordingly often attached laterally to the anterior wall of the 
sella or sometimes as far laterally as in the carotid prominence, i. e. in the most 
anterior portion of the carotid groove. This variant was found in 24 cases in 
our series (20 per cent). The septum not infrequently has a ‘scoliotic’ ap- 
pearance in both the sagittal and the frontal planes. It occasionally has a 
marked tilt in relation to the vertical plane, that is, with its upper and lower 
borders situated on opposite sides of the middle line. In such cases the sep 
assumes a more or less horizontal course (Fig. 6). 

The intersinusal septum is difficult to distinguish in ordinary antero-post« "i 
films owing to superimposed structures. These may be eliminated by t 
graphy, by which method fairly precise information as to the position anc tilt 
of the intersinusal and other septa may be obtained. Pluridimensional blu: ing 
is desirable; in the frontal projection or in modifications of the frontal >ro- 
jection enforced by the main course of the intersinusal septum, the sv »er- 
imposed structures (ethmoid cells, nasal septum, conchae etc) can seldoi be 
entirely eliminated by linear blurring for their extension invariably coin des 
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Fig. 9. Transverse crest. Ordinary lateral roentgenogram (a) and lateral tomogram (b). The thin 

wansverse crest (—>) has its attachment relatively low in anterior wall of the sella. Bony wall running 

vertically to floor of sphenoidal sinus is not a part of a complete transverse septum but a frontal lateral 

septum (++). ¢) and d) Axial and frontal tomograms. The transverse crest extends completely across 
the anterior wall. Intersinusal septum (4+). 


in some degree with the movement of the tube, irrespective of the patient’s 
position (Fig. 7). 

‘The intersinusal septum, like most of the other septa in the sphenoidal sinus, 
generally emerges clearly in a conventional axial view, and from such a view, 
with slight differences in angulation, determinations may be made not only 
of deviations from the sagittal course but also, with some accuracy, the degree 
to which the septum slopes vertically. Such films may also be of value in 
determining the true course of the intersinusal septum because so frequently 
itis covered by the vomer and the rostrum sphenoidale in the true axial pro- 
ject. on. If the septa or lateral walls of the sphenoidal sinus are not clearly seen 
owi g¢ to such superimpositions as gas in the pharynx, the vomer, the posterior 
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Fig. 10. Spheno-ethmoid cell. a) Median section through specimen 
of sphenoid bone, right half, viewed laterally from inside. Above 
the sinuses an unusually large spheno-ethmoid cell (—) extending 
posteriorly to anterior wall of sella. The floor of the cell has a wavy 
course and is tilted so that the right portion (++) is higher than the 
midline. (Below the spheno-ethmoid cell lies the intersinusal septum 
(#+) which is situated entirely in the right half of the sphenoid bone 
and posteriorly is deviated markediy to the right.) b) Lateral tomo- 
gram of entire specimen showing extension of the spheno-ethmoid 
cell which anteriorly continues into the ethmoid bone. (The tomo- 
graphic section is almost in the midline, but in spite of this the right 
part of the floor of the cell is also well shown, probably because it 
has remained in the plane of the central beam during the greater part 
of the tube movement.) 


parts of the concha, the hyoid bone etc, tomography in this projection can 
be of great value. If a tomograph with linear blurring is employed it is usually 
advantageous to move the tube in the frontal plane since most of the above- 
mentioned structures have a more or less sagittal direction. 


Transverse septum. Bony septa of various shapes and sizes may persist in the 
adult at the sites of the zone of fusion between the postsphenoidal and pre- 
sphenoidal centers. One of them is the transverse septum and may occur either 
in one or in both of the sphenoidal sinuses (Fig. 8). It is attached usually to 
the upper part of the anterior wall of the sella turcica, from which it first extends 
obliquely downwards and forwards, then more directly downwards to a point 
near the floor of the sphenoidal sinus; close to the intersinusal septum i be- 
comes somewhat convex posteriorly. If only the whole or part of the upper, 
more horizontal portion persists it is called the transverse crest (Fig. 9. At 
the attachment of such a septum or crest the anterior wall is locally thick-ned 
and usually contains cancellous bone. In our combined series of patients and 
specimens, three transverse septa and eight transverse crests were recorde: . 
Both the upper, more horizontal and the lower, more vertical portions « the 
transverse septum are evident in the lateral projection (Fig. 8b). Axial v °ws, 
on the other hand, reveal only the lower vertical part, which frequently s so 
thin that an optimai projection is required for its demonstration (Fig. 8c) [he 
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} s. 11. Medial septum. a) Axial roentgenogram. b) Axial tomogram. The medial and inter- 
s usal septa meet at the level of the anterior wall of the sella turcica. A medial septum consti- 
tes the medial portion of a complete transverse septum (cf. fig. 8). In this instance both the 
n dial septum (—) and the sagittal lateral septum (++) are fairly thick. Intersinusal septum (++). 


thickness of the anterior wall at the attachment of the transverse septum may be 
estiinated in a conventional lateral view but is best determined in lateral 
toniograms which may also show whether the septum is attached to the whole 
or only to a part of the anterior wall of the sella turcica. The extension in the 
frontal plane may be estimated with greater certainty from a. p. tomograms 
(Fig. 9d). 

A transverse septum or crest may be confused with other bony structures 
running across the anterior wall; thus the intersinusal septum, as mentioned 
before, may run a partly horizontal course in its posterior part and posterior 
ethmoid cells may extend backwards into the body of the sphenoid bone, 
usually above the sphenoidal sinus, and are then termed spheno-ethmoid 
cells. The floor of such cells may be attached to the anterior wall of sella 
turcica. 

Spheno-ethmoid cells may usually be identified without difficulty in a con- 
ventional lateral view. The wall of the cells may be more distinct in a lateral 
tomogram, which will show that the cells continue forwards into the ethmoid 
bone beyond the anterior wall of the sphenoidal sinus (Figs 10 and 15). A 
transverse septum or crest does not reach the anterior wall of the sphenoidal 
sinus and hence is unlikely to be confused with the wall of a spheno-ethmoid 
cell. The differentiation between a transverse crest and an intersinusal septum 
that is attached horizontally to the anterior wall of the sella turcica is not, 
how ever, always possible from conventional roentgenograms alone; tomography 
in te frontal plane is also required. 

T ie zone of fusion between the pre- and postsphenoidal centers of the body of 
the phenoid may be manifested as septa other than transverse septa (Fig. 5). 
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Fig. 12. Lateral septa. Frontal section through 
sphenoid bone just anterior to the tuberculum 
sellae, viewed from the front, showing both a 
sagittal (—) and a frontal lateral septum (+). 
The intersinusal septum (++) is arch-shaped. The 
sagittal lateral septum has its posterior superior 
attachment in the right carotid prominence. The 
frontal lateral septum is attached above partly 
to the left carotid prominence. Rostrum spheno- 
idale and vomer ( —). Right (e—>) and left (<<) 
carotid prominences. 


Medial septum. If the medial portion of this zone persists a medial sepi im, 
usually unilateral, will arise from the anterior wall of the sella turcica ai the 
site of attachment of the intersinusal septum (Fig. 11). Fourteen medial s: pta 
were found in our series. 


Frontal lateral septum. This septum is a lateral residue of the aforementioned 
barrier between the pre- and postsphenoidal centers of the body of the spheioid 
bone (Fig. 5). Since it is situated largely in the frontal plane, it is termed the 
frontal lateral septum (Figs 6, 9 and 12). It has its attachments in the laicral 
wall and the base of the sphenoidal sinus, and its free edge is directed towards 
the intersinusal septum. 


Sagittal lateral septum. Another type of lateral septum is located at the site of 
fusion of the body of the sphenoid bone and the lingual center. Such a sepium 
runs almost in the sagittal plane with its free border directed forwards and 
somewhat medially, and is here called the sagittal lateral septum; lateral! to 
it lies the lateral recess. The posterior attachment of this septum is situated 
wholly or partially in the most anterior portion of the carotid groove, the 
carotid prominence (Figs 7 and 12). 


Lateral septa are common. In the present series they were found in 106 
sphenoidal sinuses (44 per cent). The great majority were of the sagittal type, 
and in most cases short. If a sagittal lateral septum is unusually large and 
extends to the anterior wall of the sinus with its upper and/or lower ede, it 
may be mistaken in axial views for an intersinusal septum (Figs 7 and 13 

A sagittal lateral septum may be even nearer the midline than the i ‘ter- 
sinusal septum. It is usually possible to distinguish between these two : ’pta 
in ordinary roentgenograms. As a rule, the most anterior part of a sa: ttal 
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Fig 13. Sagittal lateral septum. Small right, and a very large left sinus with a thick sagittal lateral 
sep'um resembling the intersinusal septum. Upper row: Median section through sphenoid bone, right 
anc left halves, respectively, viewed laterally from inside. In the right half the posterior limit of the 
rig!t sphenoidal sinus is indicated by a broken line. In the left half the posterior boundary of the lateral 
recess, i. e. that part of the left sinus between the sagittal lateral septum (++) and lateral wall of the 
sinus, is indicated by a broken line. The posterior superior parts of the intersinusal (—-) and lateral 
(++) septa have their attachments in the right and left carotid prominences respectively. Lower row: 
Latcral roentgenograms of the entire specimen, turned towards either side to facilitate comparison 
with the photographs. Right view: Axial roentgenogram. 


In this case the sagittal lateral (++) and the intersinusal septum (—>) cannot be differentiated in 
axial and lateral views alone. The portion of the sagittal lateral septum which is anterior to the sphen- 
oidal limbus (++) is only half as high as the intersinusal septum. Nevertheless it has approximately 
the same density in the axial view as the intersinusal septum. In the lateral view the anterior border of 
the lateral septum is barely discernible. Differentiation of these septa therefore requires frontal (cf. 
fig. 7) or axial tomograms. Anterior wall of sella turcica (—). Posterior boundary of right (»—>) and 
left (»—) sphenoidal sinus. Posterior boundary of recess on left side (e—>). Medial wall of left optic fora- 

men («—). 


lateral septum is not so distinct as the intersinusal septum. In doubtful cases 
these two structures may be differentiated by axial or frontal tomography, 
which will show that the anterior portion of the lateral septum is not in contact 
with the anterior wall of the sinus throughout its cranio-caudal length (Fig. 7). 


Anterior wall of the sella turcica 


‘he thickness of this wall is dependent upon the degree of backward exten- 
sio: of the sphenoidal sinus. In the conchal type (Fig. 2) the anterior wall may 
ed 10 mm in thickness. In the sellar type the anterior wall is almost ex- 
vely composed of thin compact bone except for a small rim of cancellous 
‘at the attachment of the intersinusal septum (Fig. 4). In this material of 
‘mens the compact portion of the anterior wall had a thickness of 0.5 + 0.21 
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Fig. 14. Varying thickness of anterior wall of sella turcica. a) and b) Lateral and axial 

roentgenograms. c) and d) Lateral tomograms through the right and left parts of 

sella. Right anterior wall (c) of the sella is 2 to 3 mm thick while the left anterior wall 

(d) is 1 to 2 mm thick. In the axial view the thickness of the anterior wall (—) is 

difficult to evaluate because of superimposed structures (posterior wall of the sinuses, 
situated below the sella). 


mm. Variations in the thickness of the anterior wall of surgical importance 
occur in the presellar type and in cases with one sphenoidal sinus of prese!lar 
and the other of sellar type. The wall as a rule is thinnest on the sellar side. 

A lateral view of the pituitary fossa should convey a general idea of the thick- 
ness of the anterior wall and show if there are variations in the thickness «nd 
the distribution of these in the vertical plane. Oblique lateral views may «|so 
provide information regarding the anterior wall in the frontal plane. 

An axial view shows the anterior wall, especially the part consisting of 
compact bone, provided it is so obtained that the central beam coincides v ith 
a plane through the anterior wall of the sella turcica. The anterior wall «sa 
rule can therefore be demonstrated in axial projections except in those cas« 
which it has an extremely sloping course. The lateral boundary of the ante i 
wall is marked by the most anterior parts of the carotid grooves and, if t 
also are discernible in the axial view, the extension of the anterior wall in ‘he 
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Fig. 15. Metastases from carcinoma of breast to sphenoid bone, causing asymmetric thickening 
of the anterior wall (—-) and floor of sella. a) and b) Lateral and axial roentgenograms. Lateral 
tomograms through the right (c) and left (d) parts of sella. Metastases involve most of body 
of sphenoid. The tomograms reveal that the right half of the anterior wall of the sella turcica is 
much thicker than the left. The axial view indicates that the right sphenoidal sinus (++) extends 
further posteriorly than the left (#+). When the anterior wall varies in thickness, its thinnest 
part usually coincides with the sinus which has the greatest posterior extension. In this instance 
the reverse is the case. The large spheno-ethmoid cell (— ) on the right side is clearly visible 
only in the lateral tomogram. 


frontal plane may be determined. (For details the reader is referred to a later 
article on this subject.) 

It is usually possible by comparing the appearance of the anterior wall in 
lateral and axial projections to gain a fairly good idea of the topography of the 
anterior wall, though tomography (preferably in a lateral projection) will 
pro. ide more detailed information. Such an examination is usually necessary 
lor « orrect estimation when the anterior wall is irregularly thickened, especially 
whe: it has a sloping course which prevents its demonstration in an axial 


3088. Acta Radiologica. Vol. 56. 
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Fig. 16. Tuberculum sellae (—) situated considerably below the roof of the sphe- 
noidal sinuses. a) Median section through specimen of sphenoid bone. b) Lateral 
roentgenogram of entire specimen. The optic groove slopes steeply downwards and 
the tuberculum sellae is therefore situated far below the roof of the sphenoidal sinuses. 
Sphenoidal limbus (+). 


projection, or when evaluation is complicated by the occurrence of septa having 
their attachments to the anterior wall, e. g. transverse and medial septa. 

The majority of hypophysectomies are performed in cases of metastases fiom 
carcinoma of the breast. A few patients in the present series had sphenoid bone 
metastases in and around the sella turcica. These lesions frequently alter the 
original anatomy, in some cases producing irregular thickening of the anterior 
wall and the floor of the sella turcica (Fig. 15). 

The limbus sphenoidalis, which forms the most anterior boundary of the 
optic groove, may be confused in axial views with the anterior wall of the sella 
turcica. This applies to cases in which the anterior wall is flat and hence either 
indistinct or invisible whereas the limbus lies relatively high and is thus well 
defined. The lateral continuation of these structures affords guidance for the 
differentiation of the limbus and the anterior wall in axial views. The anterior 
wall continues laterally in the carotid prominence which is defined as an 
anteriorly convex wall of compact bone. The lateral continuation of a high 
limbus in the medial wall of the optical canal is often also clearly visible 
(Fig. 13). 

The uppermost part of the dorsum sellae may sometimes be identifiec in 
axial views as a thin, transverse cortical layer, notably when the dorsuin is 
completely pneumatized. This structure is situated however so far posteriorly 
that it is unlikely to be confused with the anterior wall of the sella turcica 
(Figs 4 and 6). 

The area between the limbus sphenoidalis and tuberculum sellae, i. e the 
optic groove or ‘area praesellaris’ forms a highly variable angle with the 
sphenoidal plane. In a few cases it slopes very steeply downward and ma ’ be 
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staken for the upper part of the anterior wall of the sella turcica; in such cases 
- tuberculum sellae is situated relatively far below the roof of the sphenoidal 
us. On piercing the anterior wall of the sella turcica, an operator unaware 
the true anatomy may easily go too high and enter the intracranial cavity 
ove the diaphragma sellae into the region of the cisterna chiasmatica and the 
ic chiasma (Fig. 16). Ordinary roentgenography in the lateral plane, 
sibly in conjunction with tomography, will disclose this variant. 
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Discussion 


rior to transsphenoid hypophysectomy the following data should be 
es iblished roentgenologically: (1) The type of sphenoidal sinuses and thickness 
of he anterior wall of the sella turcica, (2) the position of the intersinusal septum, 
the presence of septa that may impede the operation. 


.. The relationship of the sphenoidal sinus to the sella turcica is inconstant, 
th former varying greatly in size and shape. According to PEELE (1957), 
agenesis of the sphenoidal sinuses is reported in the literature. We did not en- 
counter it; nor did Doucras (1906), Canuyr & Terrracot (1925), Van 
GitsE (1926), ScHAEFFER (1936), Van Atyea (1941). Sphenoidal sinuses are 
probably always present but in the conchal type they may be so small as to 
elude detection even on anatomic dissection. 

Conchal sphenoidal sinuses occur in only a low percentage of cases. The 
sinuses are then separated from the hypophysis by a preponderantly cancellous 
bony wall. By virtue of its thickness as well as its ready tendency to bleed the 
presence of this type should be considered a contra-indication to transsphenoid 
hypophysectomy (HAMBERGER et coll.). 

In the second main or presellar type the sphenoidal sinuses are usually also 
separated from the hypophysis by cancellous bone, though it is seldom more 
than a few millimeters thick. The anterior wall of the sella turcica is not well 
defined in the sphenoidal sinuses; hence a more difficult operation may be 
anticipated. This type of sphenoidal sinus does not directly contra-indicate 
transsphenoid hypophysectomy (HAMBERGER et coll.). If the anterior wall is 
more than 1 mm thick it consists of cancellous bone; when its thickness varies, 
it is of great importance to know where the thinnest part is situated for the 
wal' may be initially perforated at that point. In such cases roentgen analysis 
of the anterior wall thickness in the different parts requires tomography; vari- 
ations in thickness may then be determined with an accuracy of approximately 
half a millimeter. 

The third main or sellar type is ideal for hypophysectomy and is the common- 
est. [he anterior wall of the sella turcica is very thin, usually not more than a 
few enths of a millimeter, and thus presents no technical problems. Moreover, 
not only the anterior wall but, frequently, the floor of the sella turcica are 
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distinctly marked in the sphenoidal sinuses. It is surgically justifiable to classi 
a case as sellar if one of the sphenoidal sinuses is of the sellar type. On this ba: , 
the sellar type occurred in 86 per cent of the present series of specimens. T} 
figure appears to be somewhat higher than corresponding frequencies in 
literature (GrBson, Cope, Concpon, 


2. The position of the intersinusal septum posteriorly plays an importa 
role in the surgical approach to the hypophysis: the usual route is through t 
sphenoidal sinus which is largest at the level of the anterior wall and floor 
the sella turcica. 

Immediately lateral to the hypophysis are the cavernous sinus and the interr | 
carotid artery. The width of the anterior wall of the sella turcica is, on ; , 
average, 11 (7 to 16) mm. In hypophysectomy the operator therefore has only , 
relatively small area available and he should consequently be able to recogni 
the lateral limits of the anterior wall in relation to the attachment of ti 
intersinusal septum, this latter being easy to identify at operation. This attac .- 
ment provides no direct clue to the midpoint; only in about one-fourth of tc 
cases do these points coincide; indirectly, however, the attachment afforis 
useful guidance, since at the preoperative roentgen examination it may |e¢ 
localized with great accuracy in relation to the midpoint of the anterior wail. 
In approximately one-fifth of the cases the attachment is onto the carotid 
prominence and, since the latter may bulge into the sphenoidal sinus in much 
the same way as the sella turcica, there is a possibility of confusion between 
these two structures. It should also be pointed out that a much developed 
sagittal lateral septum may be mistaken in roentgenograms for the intersinusal 
septum with consequent errors in orientation. 


3. A complete transverse septum is rare. The septum is generally confined 
to one sinus and the surgical approach should preferably be through the con- 
tralateral sinus. Since a transverse septum impedes orientation in the sinus and 
since its position helps to determine the operative approach, it should be 
identified preoperatively; otherwise a transverse septum or crest is of surgical 
significance only in so far as it has its attachment in the anterior wall and causes 
local thickening. 

A well developed medial septum may also complicate the operation, as 
troubleseome bleeding may occur from the cancellous bone which lies at its 
attachment to the anterior wall of the sella turcica and to the intersinusal 
septum. Roentgenologic identification of such a septum prior to operation 
is accordingly of importance. A frontal lateral septum, on the other hand, 
does not influence the surgical technique. 

Since the anatomical variations of the sphenoidal sinus have a dec’ ive 
bearing on the operability and the surgical procedure, preoperative ro nt- 
genologic analysis is often necessary for the planning and successful condu ‘ of 
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t anssphenoid hypophysectomy. Our experience of this series indicates that all 
\atomic variants of surgical significance may be analyzed by roentgen ex- 
iination on the general principles now outlined. 


SUMMARY 


\ total of 120 anatomic specimens of the body of the sphenoid bone were examined by means 
conventional roentgenograms and tomograms, and dissected. The anatomical and roent- 
1ologic findings were correlated both in the dissection material and in a clinical scries of 


} patients. Special attention was given to those structures and variations that are important 
transsphenoid hypophysectomy. 


ZUSAMMENFASSUNG 


Insgesamt 120 anatomische Preparate des Corpus sphenoidale wurden mit Hilfe von kon- 
viationellen R6ntgenogrammen und von Tomogrammen untersucht und seziert. Die 
ai.atomischen und réntgenologischen Befunde wurden sowohl im Dissektionsmaterial als 
ach in einer klinischen Reihe von 103 Patienten mit einander verglichen. Spezielle Auf- 
mcrksamkeit wurde den Strukturen und Variationen gewidmet, welche bei der transsphenoi- 
dalen Hypophysektomie von Bedeutung sind. 


RESUME 


Les auteurs ont radiographié, tomographié et disséqué 120 piéces anatomiques de corps 
de l’os sphénoide. Les résultats anatomiques et radiologiques ont été comparés sur les piéces 
disséquées et sur une série clinique de 103 malades. Les auteurs ont spécialement étudié les 


structures et les variations anatomiques qui sont importantes pour l’hypophysectomie trans- 
sphénoidale. 


REFERENCES 

Canuyt, G. et TeRRACOL, J.: Le sinus sphenoidal: Anatomie, exploration chirurgie. Masson 
et Cie, Paris 1925. 

Conecpon, E. D.: The distribution and mode of origin of septa and walls of the sphenoid 
sinus. Anat. Rec. 18 (1920), 97. 

Corr, Z. V.: The internal structure of the sphenoid sinus. J. Anat. Physiol. 51 (1916—17), 
127. 

Dixon, F. W.: A comparative study of the sphenoid sinus. Ann. Otol. 46 (1937), 687. 

Douctas, B.: Nasal sinus surgery. F. A. Davis, Philadelphia 1906. 

Escuer, F. und Rotu, F.: Die paranasale transethmoido-sphenoidale Hypophysectomie beim 
metastasierenden Mamma-Karzinom. Acta oto-laryng. 48 (1957), 44. 


Givson, W. S.: The topography of the hypophysis cerebri. Surg. Gynec. Obstet. 15 (1912), 
199, 


Gissetsson, L.: (1957) Personal communication. 

HsMBERGER, C.-A., Hammer, G., Norién, G. and Sjécren, B.: Transantrosphenoidal 
| ypophysectomy. Acta oto-laryng. 74 (1961), 2. 

Hs umer, G. und RApserc, C.: Anatomisch-réntgenologische Studien iiber die Verhaltnisse 


-wischen Sella turcica und Sinus sphenoidalis. Arch. Ohr.-, Nas.-, u. Kehlk.-Heilk. 173 
'958), 278. 


2 
‘AY 
d 
h wie 
‘d 
al 
ed 
n- 
nd 
be 
cal 
ses 
as 
its 
nd, 
= 
of 


A 


422 


G. HAMMER AND C. RADBERG 


Lurr, R. and Outvecrona, H.: Hypophysectomy in man: Experiences in metastatic canc« » 
of the breast. Cancer 8 (1955), 261. 

— — Sj6cren, B.: Hypofysectomi pa manniska (Swedish). Nord. Med. 47 (1952), 351. 

— — — Hypophysectomy in man: Experiences in severe diabetes mellitus. J. Clin. Endoc . 
15 (1953), 391. 

Maumoup EL Sayep, M.: The sella in health and disease. Brit. J. Radiol. (1958) Suppl. ‘. 

Nivus, F. et Le Picarp (M™*): Recherches sur le sinus sphenoidal et la selle turcique chi z 
homme et les vertébrés. Rev. frang. Endocr. 11 (1933), 97. 

Pree, J. C.: Unusual anatomical variations of the sphenoid sinuses. Laryngoscope 67 (1957 , 
208. 

ScuAeFFER, J. P.: The clinical anatomy and development of the paranasal sinuses. Pen: . 
med. J. 39 (1936), 395. 

Steve, F. E.: Vergleichende Untersuchungen iiber die Leistungsfahigkeit verschieden r 
Verwischungsarten beim normalen Schichtverfahren. Inform. med. 10 (1956), 404. 

— La technique de radiographie en coupe et les divers modes d’effacement. J. Radici. 
Electrol. 38 (1957), 49. 

To.pt, C.: Uber die Entstehung und Ausbildung der Keilbeinhéhlen beim Menschen. Pra :. 
med. Wschr. 8 (1883), 90. 

Van Axyea, O. E.: Sphenoid sinus. A. M. A. Arch. Otolaryng. 34 (1941), 225. 

Van Guse, P. H. G.: Zur Pneumatization der Keilbeinhéhle. Hals-, Nas.- u. Ohrenheilk. 3 
(1922), 393. 

— Uber die Entwicklung der Keilbeinhéhle des Menschen; Beitrag zur Kenntnis der Pnew- 
matizierung des Schadels von der Nase. Hals-, Nas.- u. Ohrenheilk. 16 (1926), 202. 

ZANDER, R.: Beitrage zur Kenntnis des mittleren Schadelgrube mit besonderer Beriicksichtigung 
der Lage des Chiasma opticum. Anat. Anz. 12 (1896), 459. 


Cc 
Vascl 
refer 
eleva 
have 
medi 
porte 

Fo 
labor 
medi 
tion 
the b 
the i 
ang Cc 
simi; 
also 
thos 


= 


THE DEPARTMENT OF PHARMACOLOGY (DIRECTOR: PROF. B. UVNAS), KARO- 
LINSKA INSTITUTET, STOCKHOLM, SWEDEN. 


RENAL CIRCULATORY INSUFFICIENCY AFTER 
RENAL ANGIOGRAPHY 


An experimental study 
by 


Percy LINDGREN 


Considerable attention has been focused on the damage caused by the intra- 
vascular injection of contrast media in renal and cerebral angiography (for 
references see Oxsson 1955 and IpBourn 1956). Albuminuria, cylindruria, 
elevated NPN and, in isolated cases, oliguria and grave renal insufficiency 
have all been observed following the passage of large quantities of contrast 
medium through the renal circulatory system; fatalities have also been re- 
ported. 

For some time animal experimental studies have been carried out in this 
laboratory on the pharmacodynamic properties of different roentgen contrast 
media with particular reference to their effects on the circulatory system. A 
noteworthy observation in these studies has been the marked local vasodilata- 
tion that has occurred after the intra-arterial injection of sodium acetrizoate, 
the blood flow being greatly increased both in angiography of the arteries of 
the intestines and extremities (LINDGREN & TORNELL 1958) and in carotid 
angography (KAcstrém, LinpGReN & TORNELL 1958). The chemically 
‘imi'ar roentgen contrast media, sodium diatrizoate and sodium diprotrizoate, 


also have vasodilatory properties although not nearly to the same extent as 
thos » of sodium acetrizoate. 


Su omitted for publication 7 April 1961. 
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It was considered that a study of the effect of sodium acetrizoate on 
renal circulation during and after angiography would prove an interesti ; 
complement to the aforementioned investigations. Since considerable differen 
between the vascular effects of sodium acetrizoate and sodium diatrizo: te 
had previously been observed, the latter was also included in the investi: a- 
tion. 


Methods 


The material consisted of 14 cats weighing from 1.0 to 2.3 kg (average 1.6} 2) 
anesthetized with Dial in a dose ranging from 50 to 70 mg/kg. The left re a 
artery was exposed for a distance of 1 to 2 cm from its origin from the ao ta 
via a 5 cm incision in the left flank immediately below the ribs; since he 
operation was entirely retroperitoneal, all injury to the abdominal organs \ as 
avoided. The right renal artery was also exposed via the same incision in he 
left flank in those cases in which a recording of the flow in each kidney \ as 
required. 

A change in the technique used earlier for photo-electric drop recording of 
blood flow (LinpGREeN & Uvnas 1954 and LinpGrRen & TORNELL 1958) made 
it possible to record the blood flow in the renal artery. The modified method, 
the principle of which is that the drops fall into a medium of silicon oil instead 
of air as earlier, permits the recording of a flow of blood of up to 40 ml/min 
as against only about 15 ml/min with the former method. (The blood flow in a 
renal artery in a small cat is usually about 10 to 20 ml/min.) 

The blood flow in the vessel is directed via an extracorporeal loop consisting 
of thin plastic tubes and a drop chamber of plexiglass, all enclosed in a thermo- 
statically controlled (38° C) water jacket. The drops are recorded by a photo- 
cell, which drives an ordinate recorder. The method requires heparinization 
of the animal, which is effected with 25 mg/kg heparin given intravenously in 
a 5 % solution. Intra-arterial injections are administered peripheral to the 
drop chamber via a thin plastic tube inserted as a collateral to the blood-carry- 
ing tube. The injections are always given so that the volume per unit of time is 
the same as that of the blood flow so that the contrast medium enters the kidney 
practically undiluted. The blood pressure is recorded with an ordinary mercury 
manometer connected with the carotid artery. 

The following contrast media were investigated: sodium acetrizoate 5() °, 
(Triurol, Leo) and sodium diatrizoate 50 % (Hypaque, Winthrop). (‘he 
former is also available as i.a. Acétiodone, Diaginol, Rheopak and Urokon, 
and the latter as Nycopaque and Urographin.) 


Results 


Sodium acetrizoate. Single intra-arterial injections as small as 0.1 to 0.2 n of 
the contrast medium caused little or no change in the renal circulation altho igh 
an increase of 10 to 30 per cent in the flow could sometimes be observed. Wh na 
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Nn 


1. Cat 1.8 kg. Dial 70 mg/kg. Decrease in renal blood flow on repeated arteriography with sodium 
rizoate. (1) (2) and (3): Injections of 0.8 ml Na acetrizoate 50 °,. Between each injection the 
scale of the renal blood flow (i.e. the speed of the interval recorder) was changed. + 


imber of such small doses were given at short intervals (2 to 3 min) or when 
laiger quantities (0.4 to 0.8 ml, i.e. approximately 0.2 to 0.5 ml/kg) were 
injected, reduction of the blood flow usually occurred. The decrease in the 
blood flow takes place very soon after the passage of the contrast medium 
through the kidney. Even when a larger dose (0.4 to 0.8 ml) was administered 
the blood flow was often not notably changed, but when the same dose had 
becn repeated two or three times, there was always a definite decrease in the 
renal blood flow. 

The results of such an experiment are shown in Fig. 1. A dose of 0.8 ml 
sodium acetrizoate was injected into the left renal artery of a cat weighing 1.8 
kg. The blood flow dropped immediately from 14 ml/min to approximately 
3 ml/min. After a few minutes a gradual increase took place although not a 
return to the initial level. The flow became stabilized at about 9 ml/min. Two 
additional injections of the same quantity of medium caused further reduction 
in the blood flow, which was only 0.5 ml/min after the third injection or only 
3 per cent of the initial flow. 

Considering earlier experiences in which a marked vasodilator effect was 
produced by sodium acetrizoate on other vascular regions, the results described 
are surprising. However, several additional similar experiments confirmed the 
observation. The significance of the dosage has already been discussed. The 
animals exhibited rather wide individual variations in sensitivity: estimation of 
a more exact dose-response ratio is unfortunately impossible because of the 
smell material. 

‘ few experiments were carried out with recording of the blood flow in 
eac : renal artery, partly to preclude the possibility that the recording apparatus 
mig 1t contribute to the occurrence of the circulatory insufficiency in the kidney 
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demonstrated and partly so that any reactions in the other kidney as a res |t 


of the comparatively large quantities of medium entering the systemic circu .-  * 
tion could be studied. The contrast medium was injected into the left re: al 
artery in repeated doses of 0.4 ml until the flow had practically stopped, n 
conformity with the experiments illustrated in Figs 1 and 3. In the beginniig § 
of the experiments a slight increase in the flow occurred simultaneously in tie JB 3° 
right kidney. The experiments were continued for two hours, during whi :h 
time the flow on the right side remained constant at slightly above the init al 
level. @ < 

It is of considerable importance to know whether the decrease in the fl w 
is of a temporary or protracted character. In the experiment shown in Fig. 1 tie  "s- - © 
course was followed for an hour longer than stated. No increase in the blood ~ wap 
flow was demonstrable. The same observation has been made in other simi ar 
experiments, i. e. when the blood flow decreased to a mere fraction of the init al 
level, no improvement ever occurred during the | to 3 hour period the cx- , 
periment could be continued. In other experiments in which only one or two » Dress 
injections were given and in which the flow became stabilized after 5 to 10 : ee 
minutes at about 50 per cent of the initial level, very little additional improve- gel 
ment took place during the next hour. In brief it may be said that the course “ : - 
of the reaction during the first 5 to 10 minutes was decisive: the level the blood see 
flow had then assumed remained unchanged as a rule during the remainder meer 
of the experiment if no further injections were given. - — 
The tion arises as to whether the decrease observed in the renal cir- Qo 
culation is due to a vasoconstriction in either the arterioles or larger arteries 9. 
caused by sodium acetrizoate, or whether there are other causes. This funda- m ee 
mental problem will be discussed in greater detail later but in the meantime soil 
some observations regarding this problem may be reported. Decapsulation Sodit 
was performed in one case in which injections of sodium acetrizoate (0.4 Jj with re 
ml) had resulted in a reduction of the renal blood flow to about 40 per cent J doses ( 
of the initial level. The flow then increased immediately to approximately J flow oc 
70 per cent but not further, and within 15 minutes a drop to the 40 per cent J ments | 
level occurred. Operation revealed that the capsule was markedly distended J acetriz 
as in renal swelling and increased intracapsular pressure. This could explain the rig 
the temporary increase in the flow on decapsulation. That an increase in ‘he experir 
intracapsular pressure had occurred was also clearly shown by the postmortem J throug! 
examination (see later). given t 
During the earlier investigations, reviewed in the introduction, on other Bjinjectic 
vascular regions (e.g. femoral arteries, carotid arteries) the intra-arte: ial 
injections were usually carried out with smaller quantities (0.05 to 0.2 ml of Po in 
contrast medium since even such doses produced marked effects. Conside ed Jel 
in relation to the flow in milliliters per minute in the vessel in question, a dose "4 hy 
of 0.8 ml of sodium acetrizoate injected into a renal artery cannot be regar: ed HBS | 12 
as significantly larger. It should be pointed out, however, that expressed er obser ve 
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Fig. . Cat 2.2 kg. Dial 65 mg/kg. Increase in muscle blood flow on intra-arterial injection of sodium 

acet: zoate. (1) to (8) inclusive: 0.8 ml Na acetrizoate 50 °%. (9): 0.8 ml saline. (The short initial 

‘dec: ase in flow’ during the injection time is not a real decrease, but due to the injections being given 
peripheral to the drop chamber.) 


kg vodyweight 0.8 ml into the renal artery is a very large dose — it'cor- 
responds to about 35 ml in a human being. In order to investigate if larger 
and repeated doses of sodium acetrizoate could give rise to other reactions, 
ina muscle region for example, than the blood flow increases described earlier, 
the ‘ollowing control experiment was performed (Fig. 2). The flow in the fem- 
oral artery in a cat was recorded by the accepted method and 0.8 ml sodium 
acetrizoate was injected at least eight times at brief intervals between each 
injection. Each injection caused vasodilatation with an increase in the flow. 
Acertain degree of tachyphylaxis was observed, but no tendency to a decrease 
in flow of the type seen in the kidney was noted. The experiment suggests 
that the reaction of the renal circulation to sodium acetrizoate is specific. 


Sodium diatrizoate. This contrast medium was injected in four experiments 
with recording of the flow in the left renal artery. Notwithstanding that large 
doses (0.8 ml) were given repeatedly, no noteworthy changes in the blood 
low occurred. To preclude the possibility of individual variations two experi- 
ments were performed with recording from both sides simultaneously. Sodium 
acetrizoate was injected into the left renal artery and sodium diatrizoate into 
the right renal artery at the same time and in the same doses. One of these 
‘xperiments is illustrated in Fig. 3. A successive decrease occurred in the flow 
through the left kidney and when eight injections, each of 0.4 ml, had been 
given the circulation had almost ceased. On the right side, where eight parallel 
injections of sodium diatrizoate had been given, no change took place. 


Po'tmortem examination. Both kidneys were removed for inspection in all 
anim als. In the kidneys subjected to intra-arterial injections of sodium acetrizoate 
aid hrough which the blood flow at the termination of the experiment was 
ess tuan 30 per cent of the initial level, extensive macroscopic changes were 
obser ved. The kidney was markedly enlarged with a greatly distended, edem- 
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RENAL 
BLOOD FLOW 
(A. REN. SIN.) 


RENAL 
BLOOD FLOW 
(A. REN. OX) 


Fig. 3. Cat 1.5 kg. Dial 60 mg/kg. Simultaneous recording of the blood flow in the left and right kidneys. 
Comparison of effects of repeated arteriography with sodium acetrizoate (left) and sodium diatrizoate 
(right) ; 8 injections (0.4 ml) of each contrast medium were given. 


atous, and cyanotic capsule. The cut surface revealed extremely edematous 
tissue with diffuse hemorrhages in both the cortical and the medullary 
substance. The left kidneys injected with sodium acetrizoate showed a marked 


increase in weight. In 9 cats (1.0 to 2.3 kg) given intra-arterial injections of 


sodium acetrizoate into the left kidney (in amounts sufficient to reduce the 
renal blood flow to below 30 per cent of the original level), the mean weight 
of this organ was 8.4 g; the corresponding value for the right kidney was 6.9 g, 
i.e. the left kidney weighed not less than 25 per cent more. In a control series 
not given any contrast media at all no significant difference was found bet een 
the weight of the two kidneys. (Unfortunately, the kidneys were not wei shed 
until after fixation; some shrinkage had therefore probably taken place an‘! the 
weights did not correspond exactly to the in vivo conditions.) The ki: nevs 
were fixed in 10 % formalin for later microscopic examination. 
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Discussion 


_he decrease in the blood flow through the kidney after the intra-arterial 
inj« tion of sodium acetrizoate may seem surprising considering the consider- 
abl vasodilatory effects of that contrast medium in other tissues such as the 
ske tal musculature, skin, small intestine and brain (LinpGREN & TORNELL 
195} and KAcstr6m, LinpGREN & TORNELL 1958). It would be extremely 
ren arkable if the medium had a vasoconstrictory effect on renal vessels and a 
vas dilatory action on other vessels, and no basis for such an assumption was 
der onstrated. On the contrary, the observations described may well be ex- 
pla aed by a vasoparalytic effect of sodium acetrizoate even on renal vessels. 
Th renal circulation differs appreciably from that of other tissues; the kidney 
has a very large blood flow per gram of tissue, it consists of but slightly elastic 
par nchymatous tissue and it is surrounded by an inflexible capsule. Con- 
sequently, if considerable vascular paralysis with elements of permeability 
impairment occurs, the prerequisites are at hand for a rapid rise in thé intra- 
capsular and intrarenal pressure. The result may then be a secondary decrease 
in tae blood flow with consequent hypoxia which, in turn, may contribute to 
an exacerbation of the condition. There is much evidence pointing to the 
existence of such a mechanism. For instance, a temporary improvement in the 
circulation was observed after decapsulation. Moreover, at postmortem exami- 
nation obvious edema with a considerable increase in weight of the kidney 
injected with sodium acetrizoate was demonstrated. Nor should we forget that 
small doses of sodium acetrizoate caused an increase, although a slight one, 
in the blood flow. 

Studying the angionephrographic effect in dogs on selective renal angio- 
graphy Epimvc and HeELanper (1959) attributed abnormal findings to a 
disturbance in the circulation and an impaired function of the excretory 
system. As these changes in the intrarenal circulation could not be correlated 
to the dose administered, the authors discussed a reflex influence of the 
contrast medium or of the catheter. 

Earlier investigations of the pharmacodynamics of sodium acetrizoate have 
shown that impaired permeability with injuries to the blood-brain barrier 
BromAN & Oxsson 1956) and an increase in the intracranial pressure (KAG- 
stROM & LinDGREN 1960) can occur after carotid angiography. It is not im- 
probable that similar permeability impairment occurs in the kidney. 

The anatomic findings agree with observations by BERG, IpBoHRN & WENDE- 
BERG (1958), who studied histologically the occurrence of renal damage in 
rabbits after angiography with different contrast media. They stated, without 
giving quantitative data, however, that in some cases the kidney examined 
was wollen and heavier than the contralateral organ; at microscopic examina- 
tion. albuminous exudation into Bowman’s capsule and exudative tubular 
degereration, among changes, were present. They also discovered a clear 
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difference in the toxicity of sodium acetrizoate and sodium diatrizoate, \ 
the latter less toxic, in agreement with the findings in the present investigat n. 

An attractive explanation of the present results is offered by Rean’s (1¢ 9) 
interesting observation that large doses of contrast media may cause red ll 
agglutination. He also observed that rapid intravenous injections produ ed 
an increase of pressure in the pulmonary artery indicating an obstruc ed 
blood flow through the lungs. The parallelism between these results in RE. >’s 
studies of the pulmonary circulation and the present observations on rv al 
circulatory disturbances is striking. 

The reports of different disturbances in renal function after renal angiogra hy 
are abundant, both in animal experiments and investigations in man. _n- 
largement of the kidney, a sign of renal damage that has not received partic: ‘ar 
attention, must here be mentioned. In a material of 88 cases IDBOHRN (1° 16) 
demonstrated kidney enlargement in no less than 10 cases. According to his 
author the sign is more common than elevated NPN (10 of 186 cases) «nd 
albuminuria (14 of 172 cases). The kidney enlargement, possibly as wel) as 
the graver complications of albuminuria, elevated NPN, and oliguria, «an 
probably be explained by the vascular toxicity of a frequently used contrast 
medium. 

The reader should refer to IpBouRN’s article (1956) and to more comprehien- 
sive monographs, for example of StrrLinG (1957) and HELANDER (1958), for a 
more detailed discussion of clinical complications following aortography and 
renal angiography. 

The results show, as do those in earlier investigations on the pharmacologic 
effects of contrast media, the importance of the selection of the contrast medium 
as well as of the dose for arteriographic examinations; it is probable that the 
majority of the complications can be attributed to damage caused by the drug. 
It would have been interesting from the clinical point of view to have extended 
the study to include other contrast media as well as the effect of different 
concentrations of these media on the renal circulatory response described. 
This was not done in the present investigation, however, as its main purpose 
was to investigate the signs of the vasculotoxic effect of sodium acetrizoate. 
This communication thus becomes an addition to the series of publications 
dealing with the side effects of contrast media in arteriography (LinpDGREN & 
TORNELL 1958; KAcstr6mM, LinpGREN & TORNELL 1958 and 1960; KAcstrém 
& LinDGREN 1960). 


Conclusions 


The renal blood flow was recorded in cats during renal arteriography wit! the 
two contrast media, sodium acetrizoate (Triurol) and sodium diatrizoate (J ‘yp- 
aque). 
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. In single, small doses (0.1 to 0.2 ml) sodium acetrizoate produced no 
ch nge or only a slight increase in the renal blood flow. 

. When larger doses of sodium acetrizoate (0.4 to 0.8 ml) were injected, a 
de rease in the blood flow occurred. With repeated injections the flow was 
suc cessively reduced until it finally almost ceased after a total of 2 to 5 ml had 
be n given. 

. Postmortem macroscopic examination showed a marked increase in 
th: weight of the injected kidney, which was on an average 25 per cent heavier 
th: a the contralateral kidney, and revealed edematous, cyanotic renal tissue. 

. The circulatory insufficiency observed was interpreted as secondary to 
fac ors including red cell agglutination and obstructed renal capillaries, edema 
an. increased interstitial and intracapsular pressure, the latter phenomena 
pa ily caused by the vasotoxic effects of the sodium acetrizoate; this was 
shown by vasodilatation, vascular paralysis, and increased permeability. 


‘. In comparable doses sodium diatrizoate produced no effect on the renal 
circ ulation. 


‘he vascular injuries possibly explain the impairment of renal function 
observed by earlier investigators after renal angiography, i.e. kidney enlarge- 
ment, albuminuria and elevated NPN. 
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SUMMARY 


An investigation of the effect upon the renal circulatory system of renal angiography with 
sodium acetrizoate (Triurol) and sodium diatrizoate (Hypaque) in a material of 14 cats is 
reported. The marked renal changes which occurred after certain doses of sodium acetrizoate 
were not observed after comparable doses of sodium diatrizoate. 


4 
4 


ZUSAMMENFASSUNG 


Eine an 14 Katzen ausgefiihrte Untersuchung iiber die Einwirkung der renalen Angio- 
graphie mit Natriumacetrizoat (Triurol) und Natriumdiatrizoat (Hypaque) auf den Nieren- 
kreislauf wird berichtet. Die deutlichen Nierenveranderungen, welche nach gewissen Mengen 
Triurol auftraten, wurden nach vergleichbaren Mengen Hypaque nicht beobachtet. 


RESUME 


L’ .uteur présente un travail de recherche sur l’effet sur le systéme circulatoire rénal de 
lang ographie rénale avec l’acétrizoate de sodium (Triurol) et le diatrizoate de sodium 
(Hy; aque) sur une série de 14 chats. Les modifications rénales marquées qui se sont produites 


apré certaines doses d’acétrizoate n’ont pas été observées aprés des doses comparables de 
diatr zoate de sodium. 
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FlOM THE ROENTGEN DEPARTMENT (DIRECTOR: AKOS KOVACS), SEMMELWEIS 
HOSPITAL, BUDAPEST, HUNGARY. 


ROENTGEN PHYSIOLOGY OF THE LARYNX 
by 


Axkos KovAcs 


The breadth and thickness of the vocal and vestibular folds (the true and 
false chords), the depth of the ventricle between them, and the size of the sac- 
cules of the larynx may be depicted in asymmetric projections of the chords 
obtained by the aid of the laryngeal ‘displacer’ described in an earlier paper 
(KovAcs 1960). Changes in these structures during phonation, singing, swal- 
lowing or blowing may also be demonstrated. Before discussing the function 
of the larynx it may be recalled that the size and shape of the laryngeal carti- 
lages, epiglottis, ventricle, vocal folds and saccules of the larynx present many 


variations which, within certain limits, together make up the characteristics 
of an individual voice. 


Lateral projection of the larynx. The ventricle of the larynx is not always defined 
in ordinary lateral roentgenograms; the patient is usually instructed to hold 
his breath and during the ensuing forced glottis lock, the true and false vocal 
chords closely approach (Fig. 1) so that the ventricle is masked. For a demon- 
stration of the ventricle the patient should be instructed to exhale and sing a 
long and deep ‘0000’, when the exposure should be made (Fig. 2a). In some 
cases lateral laryngograms of function may be needed for studying the mobility 
and dilatatory power of the soft parts of the larynx; fixation and rigidity consti- 
tute valuable diagnostic signs during the initial stages of tumours. 

An examination of function is performed in the same manner as an examina- 
tion of the hypopharynx. Two films are obtained, the first while the patient 
sins a deep soft ‘Oooo’, and the second during expansion of the larynx, which is 
achieved by telling the patient to blow out and fill the larynx with air while 
the mouth is shut and the nostrils closed with a nasal clip (Fig. 2b). 


Sibmitted for publication 15 February 1961. 


2%— 613088. Acta Radiologica. Vol. 56. 


if? 
* 
is 
4 
3 = 
¥ 
ia 
4 
2 
= ? 
: 
433 


AKOSs KOVACS 


a 


Fig. 1. Valsalva manoeuvre: the larynx rises and the trachea, 
hypopharynx, and saccules expand; the laryngeal ventricle is 
fully closed and contains no air. 


Laryngoscopy reveals that the vocal chords do not fully close during phona- 
tion. During whispering, the arytenoid cartilages slightly separate the vocal 
chords and air is emitted through a triangular aperture; the employment of 
more energy will result in weaker vibrations of the chords. 


a b a 
Fig. 2. a) Phonation of a deep ‘O’: hypopharynx normal Fig. 3. Function of the arytenoid carti ge. 
and narrow; ventricle appears as a narrow stripe beyond a) Inhalation: the vocal fold (1) is ‘lat; 
which the arytenoid cartilage tilts somewhat forwards. transverse section of the arytenoid « 1rti- 
b) Blowing through a narrow oral aperture: larynx and lage (2). b) Phonation: longitudina sec- 
hypopharynx (1) together with hyoid bones move up- tion of the arytenoid cartilage. 
wards, the laryngeal ventricle (2) contracts and the ary- 
tenoid cartilage (3) moves further forwards. 
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a b c d 

F «. 4. Examination of function of vocal folds in a 17-year-old girl. a) During inhalation the vocal 
lic ment becomes flat, the ventricle narrow, and the aryepiglottic fold is arched and slack. b) During 
th phonation of a deep ‘O’ the ventricular fold thins, the vocal ligament emerges, the aryepiglottic 
fo | contracts and the saccules expand. c) Phonation of a high-pitched ‘I’. d) With the pharynx and 
or | cavity inflated the hypopharynx and saccule expand, and the aryepiglottic fold contracts. e) Val- 
salva manoeuvre: the laryngeal ventricle disappears, and the vocal folds approximate. 
An examination with the ‘laryngeal displacer’ will afford better demonstra- 
tion of the chords. In most cases, both the vocal and the vestibular folds in deep 
inhalation move outwards and the laryngeal ventricle becomes only a small 
fossa; during exhalation the size and shape of the vocal folds and the ventricle 
will be demonstrated only upon phonation. The vocal folds of an adult measure 
10 to 12 mm in breadth and 6 to 7 mm in thickness in the roentgenograms 
(Figs 3 and 4). 

There is generally a reciprocal effect between the ventricular and the vocal 
folds. During the phonation of a deep sound the ventricular fold is thin and 
the vocal fold is thick. At the phonation of a high sound the process is reversed 
(Figs 5 and 6). 


a c a 
Fig 5. a) Inhalation. b) On phonation of a deep Fig. 6. a) Phonation of a high note: Ventricular 
‘O’. the ventricular fold is thin, the vocal fold fold thick and vocal fold thin. b) Phonation of a 
thic :. c) During the phonation of a high-pitched deep note: ventricular fold thin and vocal fold 
‘, he ventricular fold is thick and the vocal thick; the larynx has moved downwards. c) With 
fold thin. the larynx inflated, the saccule (1) expands to 

double its size and reaches far below the glottis. 

Proc. transversus (2). 
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Fig. 7. Early ossification of the cartilages. a) Inha- 

lation. b) Movement of the vocal folds during 

phonation: The cricoid cartilage (1) rises by about 

1 cm in relation to C 7 (2), while the vocal folds (3) 

fall: the small laryngeal ventricle (4) and the ves- 
tibular fold become smooth. 


Examinations were carried out to determine the role played by the arytenoid 
cartilages, cases being selected in which ossification was commencing to appear 
in the cartilages (Fig. 3). A rotatory motion of each cartilage was seen to occur 


around an axis through ist attachments, apart from the recognized pendular 
movements; this motion, which may be demonstrated in displacement films 
in phonation, completes the approximation of the vocal folds. 


Fig. 8. Paralysis of the right vagus, OY and glossopharyngeal nerves due to syphilis (a) and b). 

On inhalation, the right vocal fold (1) lies inert in the paramedial line while the left vocal fol 

moves out laterally. c) During phonation the paralyzed right vocal chord is displaced laterally by ie 

pressure, the vocal aperture is open, and the left vocal chord now lies in the midline. d) Vals |va 

manoeuvre: right side unaltered; the closely adherent left folds almost effect the closure. e) Exhala ion 

through a pursed mouth with increased thoracic pressure expands the laryngeal ventricle. Anor aly 
of thyroid cartilage which is divided anteriorly (3). R = right, L = left. 
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a b c d 
Fig. 9. Ossified laryngeal cartilages in a man aged 65. During inhalation (a) 
and (b) the vocal folds do not flatten as in younger subjects. On phonation of 
high and deep sounds (c) and (d) there is little difference in the position of the 
vocal folds. The corniculate cartilages are visible in the second film. 


Sliding and spiral movements of the arytenoid cartilage with the whole 
larynx moving upwards could also be demonstrated in lateral roentgenograms 
with the patient pursing the lips and blowing (Fig. 2). These pendular, sliding 
and rotatory movements make possible a gradual adjustment of the glottis. 

It would appear from displacement films that the level of phonation, and 
possibly its timbre, depends to a large extent on the shape of the subglottic 
area. Our films show that during ‘deep’ phonation the arytenoid cartilage moves 
to an oblique position and the section of the subglottis takes the shape of a 
gothic arch (Fig. 4b). With a high sound, the vocal fold thins and the arytenoid 
cartilage slides lower and the subglottis: becomes semi-circular (Fig. 4c). It is 
natural that with the thinning of the vocal fold its mass and consistency will 
also diminish and consequently its resistance to the outflow of air will be less. 

Displacement films also showed that the length and tension of the vocal 
folds are regulated by the cricothyroid muscle. As the thyroid and cricoid 
cartilages approximate, the arytenoid cartilage moves backwards like the 
shorter arm of a lever, and stretches the vocal folds (Fig. 7). 

Ossification of the cricoid cartilage usually appears after middle age; but in 
one case it was found as a fine network in a 30-year-old subject. 

The saccules of the larynx open widely during phonation and may actually 
expand to twice their normal size. Such expansion will be inhibited by malig- 
nant infiltration (Fig. 6c). 

The loudness of speech may be measured in the roentgenogram. The differ- 
ence between a weak and a stronger voice lies in the velocity of the air current 
aid in the size of the air column. A wide glottis and laryngeal vestibule are 
al vays found in association with a strong voice. 

The Valsalva manoeuvre is a valuable complementary method of examina- 
tin, particularly for the initial detection of tumours. The manoeuvre may be 
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performed during exhalation either by closing the glottis or the mouth an | 
nose, in the first case by compressing the throat the glottis will be closec , 
and in the second by covering the mouth and pinching the nose in which cas : 
the glottis will be open (Figs 1, 2 and 4c). The larynx moves forwards an | 
upwards in both cases, and the subglottis and laryngeal saccules expand. _f 
one vocal fold is paralyzed the part of the ventricle on the paralyzed side wi | 
dilate (Fig. 8). The appearances of the vocal folds are also characteristic. Th: 
vocal and vestibular folds will merge into a transverse fold and the ventric : 
will disappear (Fig. 8d). 

The voice becomes deeper in old age and its compass is likewise reduced du 
to a general loss of elasticity. The characteristic modifications of the vocal fol« s 
are consequently not faithfully recorded, for loss of elasticity in the vocal folcs 
impedes lateral displacement even during inhalation (Fig. 9). 


SUMMARY 


Roentgenologic examination of the larynx by means of a special laryngeal displacer permits 
an observation of function. The appearances of the vocal folds, the laryngeal ventricle and thie 
laryngeal saccules during ordinary breathing and phonation are described. 


ZUSAMMENFASSUNG 


Die R6éntgenuntersuchung mit Hilfe eines Spezialgerates (displacer) gestattet die Darstellung 
des Larynx und seiner Funktion. Das Aussehen der Stimmbiander, ‘ventriculus et sacculi 
laryngis’ wahrend normaler Atmung und Phonation wird beschrieben. 


RESUME 


L’examen radiologique du larynx au moyen d’un «déplaceur» laryngé spécial permet 
d’étudier sa fonction. L’auteur décrit les images des cordes vocales, des ventricules et ces 
saccules du larynx pendant la respiration calme et la phonation. 
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F OM THE ROENTGENDIAGNOSTIC DEPARTMENT (DIRECTOR: PROF, OLLE OLSSON), 
UNIVERSITY HOSPITAL OF LUND, SWEDEN. 


THE FIBULA AND ITS RELATIONSHIP TO THE TIBIA 
AND TALUS IN INJURIES OF THE ANKLE DUE TO 
FORCED EXTERNAL ROTATION 


by 


HjALMAR Bo in 


Not very long ago all injuries of the ankle were regarded as dislocations. 
Rupture of the ligaments and fractures of the malleoli began to be described 
afier such conditions had been demonstrated in experimental investigations 
(DupUyTREN 1839, Maisonneuve 1840, HOnicscumiep 1877). The advent of 
diagnostic roentgenology increased the possibilities of demonstrating bony 
injuries; interest was gradually focused entirely on fractures, and the existent 
knowledge of soft tissue damage appeared to be forced into the background. 

Attempts to classify the fractures according to the appearance and site re- 
sulted in a completely artificial division of uni-, bi- and trimalleolar fractures. 
Asuurst and Bromer (1922) endeavoured to elaborate a classification based 
on an analysis of a large series of cases grouped according to the supposed 
mechanisms of the injuries. This lead was followed mainly by Scandinavian 
authors (HANsEN 1942, Macnusson 1944, PatmMeR 1950, KrisTENSEN 1956). 
Due particularly to HANsEN’s investigation a systematic classification has been 
devised in which the injuries are grouped according to the nature, and thereby 
to the mechanism, of the injury. In experimental fractures HANsEN showed a 
highly significant correlation between the force applied and the consequent 
injuries to the skeleton and soft tissues (ligaments). Conversely, analysis of 
the fractures diagnosed offered a possibility of reconstructing the way in which 
the damage had been caused and which ligaments had been damaged. This 
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Fig. 1. Ligaments: 
a) Anterior tibiofibular, 
b) Calcaneofibular, 

c) Anterior talofibular, 

1 d) Deltoid, 

e) Posterior tibiofibular, 
' f) Posterior talofibular, 

g) Interos eous. 


aetiologic classification of indirect ankle injuries has been generally accepied 
by those interested in this field, but since it is somewhat complicated it has not 
been as widely accepted as it deserves. 

The primary results of the treatment of a fracture of the ankle with litile 
displacement are, as a rule, good and the risk of pseudoarthrosis, for example, 
is negligible. Control examinations have, however, shown a considerable 
frequency of late symptoms attributable to changes of the arthrosis deformans 
type. Thus Macnusson found that such changes are common after injuries 
caused by forced external rotation. In a series of ankle fractures of this type 
(211 cases), not treated surgically, symptoms were noted in 30 to 35 per cent 
and arthrosis deformans in 30 to 100 per cent, according to the severity of 
the injury. This investigation and other data in the literature together with 
personal experience have convinced us that external rotation injuries require 
a refined diagnosis and careful treatment. 

In practically all ankle injuries caused by indirect violence the damage to 
the fibula and its ligamentous attachments is most important from the vicw- 
point of classification and treatment. 


Anatomy. The fibula is connected to the tibia by the anterior tibiofibular 
ligament, the interosseous ligament and the posterior tibiofibular ligament w ith 
attachments to the anterior tubercle, the fibular incisura and the posterior 
tubercle of the tibia, respectively (Fig. 1). Both malleoli are also connected 
by ligaments to the talus both anteriorly and posteriorly and with the «al- 
caneum. 

The joint between the fibula and the talus is of particular interest. ‘he 
articular surface of the fibula is that of an inverted triangle and lies in the 
sagittal plane (Fig. 2). The lateral articular surface of the talus is wec ge- 
shaped with its apex likewise being directed downwards. The upper nd 
larger portion of this articular surface is flattened in the sagittal plane, w sile 
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Fig. 3. Joint between fibula and talus. Varying appear- 
ances of the curvature of the articular surfaces in the 
frontal plane. 


F\ -. 2. The articular surface of the fibula 
and talus. 


the lower tapering part facing latero-cranially is somewhat convex. The bone 
surfaces of the joint are generally parallel but we have found the thickness 
oi the cartilage, particularly in young subjects, to be somewhat greater in 
its ‘apical’ portion. The curvature of the articular surface in the frontal plane 


varies widely (Fig. 3). Since the two articular surfaces of the 


are often no longer parallel they must be examined separately 


itated by the fact that the cortex under the cartilage can be 
in suitable projections, this applying in particular in the case 


injured ankle 
. This is facil- 
demonstrated 


of the fibula. 


In addition, slight modifications in projection will show differences in the 
outlines of the articular surfaces, which will facilitate the evaluation of the 
articular surface of the talus (Fig. 4). It should be mentioned that this joint 
has more than only a guiding function and, normally, bears part of the weight 
of the body placed on the talus during standing and walking. 

The two opposing surfaces of the fibula and tibia at the syndesmosis have 
been the subject of many investigations. These surfaces are normally neither 
flat nor parallel. They have no cortex and they cannot be projected free, 
which explains the difficulties encountered in the evaluation of ‘la ligne claire’, 
i. ec. the width of the syndesmosis. Other approaches must therefore be tried, 
and we have found that the roentgenologist is on much firmer ground if he 


judges the state of the mortise of the ankle by a consideration of the articular 
surfaces. 


Nomenclature. Knowledge of the anatomic features described are obviously 
necessary for the evaluation of fractures, particularly external rotation frac- 
tures. These occur on forced external rotation of the foot, or more commonly 
by internal rotation of the lower leg with the foot fixed. The type of injury 
wil differ with the position of the foot i. e. whether it is supinated (adducted) 
or pronated (abducted) at the time of the forced rotation (HANsEN). There 
is still some confusion concerning the nomenclature although the authors 
ag-ee in principle. 
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Fig. 4. Variations in app: :r- 
/ ance of the fibula and t: us 
with different positions of he 
foot: a) 15° too little inw rd 


Cc 
rotation, b) correct posit: 
\ 


c) 15° too much inward - 
tation. 


The former type is called either: a supination external rotation fracture 
(with a frequency of 65 °%) or a supination-eversion fracture (HANSEN), ov a 
supination-abduction fracture (PALMER). 

The latter type is by analogy called either: a pronation external rotation 
fracture (with a frequency of 10 °%,), or a pronation-eversion fracture (HANSEN), 
or a pronation-abduction fracture (PALMER). 

Other types of indirect ankle fractures are briefly: supination (adduction) 
injury (frequency about 15 %), pronation (abduction) injury (frequency 
about 5 %), axial compression injury and dorsal flexion and plantar flexion 
injuries (frequency about 5 °%%). 

It is clear from the figures given above that supination eversion fractures 
are most common and represent more than half and, together with pronation- 
eversion injuries, three-fourths of all ankle fractures. The nomenclature sug- 
gested by Hansen is subsequently used. 


Grading of fractures. Supination-eversion fractures may be divided into four 
stages: 

I. Avulsion of the anterior tibiofibular ligament with or without detach- 
ment of bone. 

II. (1) + oblique spiral fracture of the fibula with the anterior margin at 
the level of the talo-crural joint and running obliquely upwards posteriorly. 

III. (11) + fracture of the posterior tibial margin (avulsion of fragment 
from the posterior tibial tubercle). 

IV. (III) + transverse avulsion fracture through the medial malleolus or 
rupture of the deltoid ligament. The foot is sometimes dislocated backwai ds. 
In the memorization of these stages it is useful to bear in mind that the ! ne 
of injury is determined by the direction of the violence: anterior tibiofibi lar 
ligament - fibula - posterior tubercle - medial malleolus. 
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Fig. 5. Device used in the roentgen examination of an ankle 
injury. 


‘The pronation-eversion type may also be divided into four stages: 

1. Transverse avulsion fracture of the medial malleolus or rupture of the 
deltoid ligament. 

If. (I) + avulsion of the anterior tibiofibular ligament and antero-posterior 
rupture of the interosseous ligament, 

III. (II) + short spiral fracture of the fibula above the syndesmosis (some- 
times high up near the knee joint). 

IV. (III) + fracture of the posterior tibial margin (posterior tubercle), often 
with luxation, 

The line of injury follows the direction of the violence: medial malleolus 
-anterior tibiofibular and interosseus ligaments - fibula - posterior tubercle. 

In both types of fracture the damage to the fibula and its ligaments are 
much more serious than what might be expected from the roentgen appearance. 
This is discussed more in detail in the following two examples. 


I. Roentgen examination shows the usual oblique fibular fracture at the level of the 
syndesmosis (supination-eversion fracture stage II) as the only injury. This means that the 
anterior tibiofibular ligament has been avulsed completely, and the fibular fragment can 
rota'e outwards and is held only by the intact posterior ligament and the collateral ligaments. 
rhe ankle mortise no longer has its lateral support, even if the fibular fragment is not dis- 
placed. On cessation of the forced outward rotation the fibular fragment springs back, but 
as a rule such spontaneous reduction is not entirely satisfactory. There is often a slight dorso- 
late: al displacement which is relatively easily demonstrated. A persistent outward rotation 
of + lower fibular fragment is common and may be considerable; the roentgenologist should 
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Fig. 6. Supination-eversion fracture stage IV lateral displacement of the talus and fibular fragment 
The tibiofibular and deltoid ligaments were sutured and a wire was laid around the fibula. Excellent 
position. 


therefore be on the watch for any such rotation. Finally, it should be stressed that the fibula 
fragment may also be displaced in a proximal direction with incongruence of the joint as 
a consequence. 


II, On roentgen examination of the ankle only a transverse avulsion fracture of th 
medial malleolus is found. This may actually mean a severe pronation-eversion injury an 
indicates examination of the entire fibula. In stage II of this type of injury the fibula has beet 
rotated so much that the syndesmosis has been damaged and, especially after a high fil ula 
fracture (stage III), there is a risk of the loose distal fragment remaining in malposition (ex 
ternal rotation, dorso-lateral displacement or proximal displacement). It should be observed 
that on outward rotation only, the syndesmosis may be slightly widened even if it ap) ears 
to be of normal width in the roentgenogram. The width of the syndesmosis should be ju lged 
with knowledge of the type of fracture. In this connection it must be stressed that a wid: aing 
of the syndesmosis is sometimes detected by displacement at the internal mallcolus di ¢ to 
the outward rotation of the talus together with the fibula. 
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Fig. 7. Supination-eversion fracture stage IV. Fibular fragment rotated outwardly and displaced 
late ally, dorsally and proximally. After screwing the displacement persists essentially unchanged. 


Examination technique 


It has been claimed that considerable malposition of the fibula may be 
present without being demonstrable in the roentgenogram. This has been 
pointed out, for example by Hansen, who on experimental outward rotation 
of the foot found a discrepancy between the results of roentgen examinations 
and autopsy dissections. Such a conclusion cannot be accepted because it is 
founded on an inadequate examination technique. 

Since it is necessary not only to diagnose fractures but also to conclude 
whether the ligaments have been damaged and to demonstrate any mal- 
position of the fragments, investigation of an ankle injury places exacting 
demands on the examination technique. The examination should include a 
frontal view with the beam directed in the plane formed by the joint between 
the fibula and the talus. The practical problem is to find this projection. We 
use a simple aid consisting of a semi-circular disk placed vertically and against 


Fig. 8. Pronation-eversion fracture 
stage IV. (There is also a fracture 
of the middle of the fibula.) Total 
rupture of the deltoid ligament 
and of the ligaments between the 
fibula and the tibia was confirmed 
at operation. The fibula is rotated 
outwardly and displaced prox- 
imally. 
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Fig 10 
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Fig. 9. Pronation-eversion fracture stage meth 
Luxation of the foot. After reduction the fibula f 

remains rotated outwardly and displaced prox- au 

imally. Ro 

onstré 

Tech 

which the foot (heel and fore-foot) is supported. The lateral side of the foot is J the e: 
pressed against a wing, which is placed at the desired angle (Fig. 5). As a & of suc 
rule, a good frontal view may be obtained with a 10° inward rotation of the prove 
lateral margin of the foot. Otherwise the first film will usually indicate how § les. 
large the angle should be; the suitable angle lies between 0 and 20° inward 
rotation. Lateral films are taken at 85° outward rotation. At the first ex- 
amination films are also obtained in two oblique projections of 35° inward Out 
and 55° outward rotation. These films are usually sufficient to demonstrate § "°° 

the relationships of the medial malleolus as well. The examination must some- J y./¢, 
times be supplemented by a frontal film in which the foot is outwardly rotated for co 
10° more than in the usual projection. 

If it is a question of a recent fracture with considerable displacement, such 
precision in the projection is not necessary. Still more important is the accurac\ Bc 
of the technique when the fracture is reduced and in plaster. The plaster @ 4. g 
should be provided with a straight lateral edge to enable adjustment of the & filtize 
apparatus, this being necessary not only to judge the reduction but also for @ die ve 
comparison with later films. 

Results Les 

It is possible to reveal small displacements and rotations with the met 10d “4 . 

. 
described. Malposition has been demonstrated even after apparently s: tis J 4.) 4, 
factory reduction, which has prompted our orthopedic colleagues to try ew HH de jr 
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Fig 10. Two frontal views of the 
san * case of a supination-eversion 
frac ure stage IV. The lateral ar- 
tic. ar surface of the talus is well 
seer in (a). The foot is rotated in- 
wai ls a further 20° in (b) and the 
joi surface of the fibula is better 
seen. 


methods promising better results. Figs 6 to 10 show cases with different types 
of treatment. 

oentgen examination of ankle joint injuries should aim not only at dem- 
onstrating fractures but also at classifying them according to type and stage. 
Technically satisfactory examinations will also show which ligaments are dam- 
aged. A careful search should be made for even slight malposition; this requires 
the examination of the articular surfaces of the ankle mortise. Demonstration 
of such malposition facilitates correct reduction and immobilization and im- 


proves the end-results, i. e. post-traumatic changes will be less common and 
less severe. 


SUMMARY 


Outward rotation injuries of the ankle joint fall into two aetiologic types representing 
three-fourths of all fractures of the ankle joint and characterized by serious damage to the 
mortise as a whole. An adequate examination requires careful evaluation of the articular 
surfaces. A simple apparatus is described to facilitate a refined diagnosis, which is necessary 
for correct reduction. 


ZUSAMMENFASSUNG 


Eversionsschaden des Fussgelenkes kénnen in zwei atiologischen Typen eingeteilt werden, 
welche drei Viertel aller Frakturen des Fussgelenkes umfassen und durch ernste Schadigung 
der Gabelung als gesamt charakterisiert sind. Eine adaquate Untersuchung erfordert sorg- 
faltige Beurteilung der Gelenkoberflache. Ein einfacher Apparat wird beschrieben, welcher 
die verfeinerte Diagnostik erleichtert, die fiir eine korrekte Reduktion notwendig ist. 


RESUME 


L«s traumatismes de la cheville par rotation externe se divisent en deux types étiologiques 
repr ésentant les trois quarts de toutes les fractures de la cheville, et se caractérisent par des 
lésicns graves de la mortaise dans son ensemble. II est nécessaire de faire une étude soigneuse 
de | état des surfaces articulaires. L’auteur décrit un appareil simple qui facilite le diagnostic 
de } récision qui est nécessaire pour une réduction correcte. 
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Sahlgrenska Sjukhuset, 
Sweden’s most modern 
hospital, ordered no less 
than 21 Aiternators. 
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films. 
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In the motor-driven Philips Alternator 20 viewing frames each 50x170 cm 
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is a monthly journal which publishes original articles in English, French, or 
German, in the fields of medical radiology and nuclear medicine, all ar- 
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two volumes a year, each volume of about 500 pages being published in 
six richly illustrated numbers. 
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Complete volumes 
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F .OM THE DEPARTMENT OF SURGERY (DIRECTOR: PROF. N. OBEL), ROYAL VETERI- 
NARY COLLEGE, STOCKHOLM, SWEDEN. 


EFFECT ON THE SPINAL CORD OF SUBARACHNOID 
NJECTION OF WATER-SOLUBLE CONTRAST MEDIUM 


An experimental study in dogs 
by 


B. Funxguist and N. OBEL 


it is a well established fact that lumbar myelography with a water-soluble 
contrast medium may give rise to alarming states of collapse (LinpBLom 1947, 
Knutsson 1950, PANTER 1953, Grote 1955, Kotstrap 1959). On the other hand, 
judging by the available literature, little attention seems to have been fo- 
cused on the possibility of long-standing functional disturbances and of morpho- 
logic changes in the spinal cord after subarachnoid injection of hypertonic solu- 
tions in general, and of water-soluble contrast media in particular. 

In earlier experiments on the effect on the blood pressure of subarachnoid 
injection of a water-soluble contrast medium (FuNnKguist & OBEL 1960), we 
had an opportunity of studying some of the experimental animals after they 
had recovered from the anaesthetic. In the first few experimental series, no signs 
of functional disturbances of the nervous system could be detected after the 
lumbar subarachnoid injection of 0.5 ml/kg bodyweight of Kontrast U® 20 % 
with the addition of Xylocaine® in varying concentrations of up to 0.5 %. 

We subsequently used the same preparation for diagnostic purposes in dogs 
with signs of spinal cord compression, the experimental conditions then being 
sonewhat modified. Lengthy paresis of the hind legs appeared in two of these 
dogs after subarachnoid injection of contrast medium mixed with Xylocaine. 
Shc rtly before it, one of the dogs had been given an i. v. injection of hypotonic 
sali ie to stimulate the production of cerebrospinal fluid and thus facilitate a 
che *k on the position of the lumbar needle. In the other dog, we intended to 
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follow the spreading of the contrast medium in the subarachnoid space 
means of fluoroscopy. The solution was therefore injected more slowly than 
the previous experiments, i. e. in the course of several minutes, instead 
within 10 to 15 sec. Moreover, a considerable fall in blood pressure occur - 
in the second dog during the first few minutes after injection of the mixture of 
contrast medium and Xylocaine, and necessitated the i. v. injection of n 
adrenaline. 

This experience seemed to justify a more detailed analysis of the effect 
subarachnoid injection of water-soluble contrast medium on the spinal co 
In view of the aforegoing primary observations, we devoted the first part 
the study to the influence on damage by contrast medium of some conditi: ns 
that may, in fact, apply in the clinical use of water-soluble contrast medium or 
thoracolumbar myelography. These consist of variations in the arterial bl« od 
pressure in connexion with injection of the medium, and of variations in he 
rate at which the subarachnoid injection is made. In the second part of ‘he 
study we have tried to analyze the pathogenetic mechanism of the dama ze. 
Our main interest has then been concentrated on the question of whether ‘he 
damage is dependent chiefly on osmotic factors or whether it is also necessiry 
to envisage a more specific toxic effect on the neural elements of the spinal cord, 
or on its blood vessels. 


I. Attempts to provoke spinal cord damage by variations in rate of 


injection of contrast medium and in blood pressure after injection 


Healthy dogs aged 6 months to 2 years and weighing 7 to 21 kg were used 
for the experiments. They were anaesthetized by i. v. injection of Intraval”, 
after which lumbar puncture of the subarachnoid space was performed (Funk- 
guist 1960). The dogs were then placed on the right side, with their forequar- 
ters elevated about 30°. Anaesthesia was maintained by a mixture of nitrous 
oxide and oxygen (4 : 1). Complete muscle relaxation was induced and main- 
tained by the repeated i. v. injection of succinylcholine iodide (Celocurin 
iodide®) in doses of 0.5 mg/kg. After intubation, artificial respiration was given 
with a ‘Pulmomat’ (Drager). The spinal fluid was allowed to run through the 
lumbar needle until, before the injection of contrast medium, the flow had 
ceased or had diminished to a constant rate of a few drops per minute. 

The contrast medium used was Kontrast U® 20 % with the addition of 0.5 
mg/ml Xylocaine hydrochloride. The arterial blood pressure was recorled 
throughout the experiment by the method of Hansson & OBEL (1958). In sime 
experimental groups the fall in blood pressure was counteracted by contini ous 
i. v. infusion of a noradrenaline solution containing 20 ug/ml noradrena ine 
bitartrate. In the relevant cases the dogs were killed by the rapid i. v. injec ion 
of pentobarbital sodium (Mebumalnatrium®) 6 % in an approximate do ¢ o! 
6 cg/kg bodyweight. 
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22 


Fig. 1. Blood pressure in femoral artery Fig. 2. Blood pressure in 


after lumbar subarachnoid injection femoral artery after lum- 
(A) of Kontrast U 20 °, containing bar subarachnoid injection 
5 mg/ml Xylocaine hydrochloride. (A) of Kontrast U 20 %, 
Hypotensive effect of the subarachnoid containing 5 mg/ml Xylo- 
injection counteracted by repeated caine hydrochloride. 


injections (B) of noradrenaline. 


In all the experimental groups the amount of contrast medium injected by 
the subarachnoid route was 0.5 ml/kg bodyweight and the number of experi- 
mental animals was 3 in each one of these groups. In other respects the experi- 
mental conditions were varied as follows. 


\. Contrast medium injected in the course of about 15 sec. Any tendency to a fall in blood 
pressure was counteracted by the continuous i. v. injection (or repeated intravenous injections) 
of noradrenaline (0.8 to 2.0 uwg/kg bodyweight per minute during 40 to 60 minutes). The 
rate of infusion was adapted so that blood pressure deviated as little as possible from the initial 
level i. e. before the injection of contrast medium (Fig. 1). 

3. Contrast medium injected in the course of 180 sec. Other conditions as in (A). 

C. Contrast medium injected in the course of about 15 sec. The blood pressure (Fig. 2) 
was not corrected, but was allowed to fall to a level dependent on the effect of the mixture of 
contrast medium and Xylocaine (FunKguist & Ose 1960). After injection, the check on 
the blood pressure was continued for so long (at least 40 min) that the animal’s own regulatory 
mechanism was able to keep it above 120 mm Hg. 

1). Contrast medium injected in the course of 180 sec. Blood pressure uncorrected and 
checked as in (C). 

1. Contrast medium injected in the course of 15 sec. The blood pressure was further reduced 
— in addition to the fall dependent on injection of contrast medium and Xylocaine — by with- 
drawal of blood through a polythene catheter (PE 260, Clay-Adams, New York), introduced 
into the aorta via the carotid artery. By repeated withdrawals of blood, alternating with small 
intra-arterial or i. v. transfusions of citrated blood (25 to 50 ml each time), the blood pressure 
was kept in the vicinity of 60 mm Hg for about 20 min (Fig. 3). The blood volume was then 
restored and the blood pressure raised to a level close to the initial value by the i. v. injection 
of noradrenaline; it was maintained at this level by continuous infusion or repeated intravenous 
injections of the preparation. The check on the blood pressure and its correction were continued 
for o long after the period of hypotension (for about 40 min) that the animal’s own regulatory 
me hanism was able to keep the pressure at the initial level or slightly below it. On no occasion 
dur-ng the experiments did the difference between the volume of blood withdrawn and that 


trai sfused exceed 150 ml. The dose of noradrenaline was 0.4 to 1.2 g/kg bodyweight per 
mir ite during 30 to 35 minutes. 
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‘ Fig. 3. Blood pressure in femoral artery after lumbar sub: -- 


100 : achnoid injection (A) of Kontrast U 20 % mixed with Xy ). 
i caine. Hypotensive effect of the injection accentuated §y 
al ; , withdrawal of blood. After about 20 min hypotension (blo d 


pressure kept at around 60 mm Hg), the blood pressure v 1s 
~y restored to approximately the initial level by blood transfusi 1n 
and repeated intravenous injections (B) of noradrenalin. . 


F. Contrast medium injected in the course of 180 sec. Other conditions as in (E). The dc se 
of noradrenaline was 0.4 to 1.2 wg/kg bodyweight per minute during 10 to 20 minutes. 

G. Ringer’s solution containing 5 mg/ml Xylocaine hydrochloride (1 vol. commerc.al 
Xylocaine solution 2 °%, + 3 vol. Ringer’s solution) injected into the subarachnoid space in 
the course of 15 sec. Other conditions as in (E). The dose of noradrenaline necessary for ma:n- 
tenance of normal blood pressure after the period of hypotension was 0.6 to 1.2 wg/kg bocy- 
weight per minute during 30 to 40 minutes. 


After the subarachnoid injection the dogs in all the groups were allowed io 
lie with the forequarters elevated for about 60 minutes. They were then placed 
in the horizontal position, and left until they made spontaneous attempts to 
get up. The dogs were observed for neurologic symptoms and signs for | to 6 
days, after which they were killed. The vertebral canal was opened immediately 
after death, and specimens taken from the spinal cord at the level of C7, Th4, 
Th10 and Th13, as well as L1, L2, L3, L4, L5 and L6. The specimens were 
fixed in 10 °% formalin dissolved in physiologic saline, embedded in paraffin, 
and cut transversely into sections 7 to 8 uw thick. The sections were stained with 
haematoxylin and eosin, and in some cases also with luxol fast blue and Holmes 
silver nitrate according to Pickett and Margolys. 


Results. Functional and morphologic signs of spinal cord damage were ob- 
served in some of the experimental groups. Both were consistently more marked 
on the side (the right) on which the dog had been lying during and after in- 
jection. 

The degree of functional spinal cord damage could be classified as follows on 
the basis of the loss of motor function. (The descriptions refer to certain typical 
combinations, transitional forms obviously being common.) 

I. Mild to moderate paresis of the right hind leg. The dog could advance 
the leg completely or partly at a walking pace, but dragged the dorsal sid: of 
the paw on the ground (Fig. 4). 

II. Severe paresis of the right hind leg. The dog could not advance the eg, 
which dragged stiffly behind it, with the dorsal side of the paw on the gro’ nd 
(Fig. 5). 
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Fig. 4 


F ss 4 and 5. Dogs 24 hours after lumbar subarachnoid injection of Kontrast U with Xylocaine. After 
in ection, a 20 min period of severe hypotension. In fig. 4, mild paresis of right hind leg (grade I); in 
fig. 5, moderate paresis of right hind leg (grade I). 


III. Severe paresis to paralysis of the right hind leg. Paresis of varying degree 
o! the left hind leg (Cf. Fig. 8). 

The functional disturbances generally decreased successively during the 
observation period (1 to 6 days). The disturbances listed in the Table (pp. 454 
— 455) refer to the condition 24 hours after injection of contrast medium. 


The morphologic changes in the spinal cord observed in some of the experi- 
mental groups were in the nature of oedema localized to the white matter, 
generally of a markedly focal nature (Figs 6 and 7). The largest foci were 
usually localized to the right side, laterally, or dorso- and ventrolaterally, 


Fir. 6. a) Cross-section of the spinal cord (L4) 3 days after lumbar subarachnoid injection of Kontrast 

U 0% with Xylocaine. Injection followed by a 20 min period of severe hypotension (I—E in text). 

Oc ‘ematous focus in the white matter of the spinal cord laterally on right side. Haematoxylin and eosin. 
x 50. b) Detail of (a). x 150. 
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Table 


of hypertonic solutions 


Relation between experimental conditions and spinal cord damage in lumbar subarachnoid injection 


Experi- 
ment ac- 
cording to 
headings 

in text 


Summary of experimental conditions: 


Numb 
of dog 


Subarachnoid injection of Kontrast U 20% with Xylo- IA 
caine 0.5%. Variation in duration of injection and B 
in blood pressure after the injection. Cc 


D 
E 
F 
Subarachnoid injection of Ringer’s solution with Xylo- 1G 
caine 0.5%,. Provoked fall in blood pressure after the 
injection. 


Subarachnoid injection of Kontrast U 20% with Xylo- H,A 
caine 0.1%. No pretreatment (A), previous i. v. injec- B 
tion of physiol. saline (B), and hypotonic saline (C). } 


Subarachnoid injection of saline 5.1°%, (isotonic with II, A 
Kontrast U 20%) with Xylocaine 0.5°%,. Variation in B 
blood pressure after the injection. Cc 


Mean blood | 
pressure first |Duration 
20 min after | of injec- 
injection * |tion (sec) 
(mm Hg) 
180 (180) 15 
185 (180) 180 
100 (185) 15 
85 (160) 180 
60 (165) 15 
65 (150) 180 
60 (125) 15 
145 (160) 15 
140 (160) 15 
125 (155) 15 
165 (155) 15 
85 (175) 15 
60 (165) 15 


x 150. 


* The mean value for the single animal was obtained by planimetric calculation. The value in the 
table represents the mean for all the animals in the relevant group. The bracketed figures denote the 
mean of the blood pressure values immediately before injection of contrast medium. 


respectively. As a rule a narrow strip of intact tissue was visible between the 
focus and the pia. In the cases with mild changes (Fig. 6), there was only a 
certain porosity of the tissue in the foci, apparently caused by an increased 
fluid content, partly within the myelin sheaths, partly between the nerve fibres. 


Fig. 7. a) Cross-section of the spinal cord (L5) 4 days after lumbar subarachnoid injection of Koni ast 
U 20 % with Xylocaine. Experimental conditions otherwise as in fig. 6. Oedematous focus with cer ral 
necrosis ventrolaterally in the white matter of the cord. Haematoxylin and eosin. x 50. b) Detail of 4). 
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Table (cont.) 


Functional disturbances 


Morphologic changes 


Grade III| Grade II} Grade I Grade III} Grade IT 


Grade I 


In these cases the changes in the axis cylinders were restricted to moderate 
swelling. In cases with severe damage to the spinal cord the foci were larger; 
they were sometimes confluent and often displayed a central area of necrosis 
(Fig. 7; Cf. Figs 9 and 10). The axis cylinders were much swollen (Cf. Fig. 11) 
at the margins of the necrotic areas. Within the necrotic areas there was a com- 
plete disintegration of the myelin sheaths and the axis cylinders were broken 
up into fragments (Cf. Fig. 10). The severest lesions were often localized to a 
region at the level of L3 — L5, with a successive decrease in severity in the cranial 
and caudal directions. The frequency of necrosis within the foci and the extent 
of the lesions often showed the following correlation: in the animals with the 
most marked tendency to central necrosis in the foci, the anterior margin of the 
damaged part of the spinal cord also lay furthest cranially. 

Some proliferation of the glia was present in addition to the changes described 
ahhove in certain dogs killed 4 to 6 days after the subarachnoid injection. The 
length of the interval between the injection and killing of the animal seemed 
oiherwise to have fairly little influence on the histopathologic changes. 

The spinal leptomeninges in the lumbar region exhibited an inflammatory 
reaction of varying degree (mild to moderate) in most cases. No correlation 
se med to exist between the degree of inflammatory reaction and the degree of 
d mage to the spinal cord. 
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The morphologic changes in the spinal cord were graded as follows: 
I —A few oedematous foci in the vicinity of the puncture site (L4 — L5); 
II — Several oedematous foci spread over the lumbar region; 

III — Oedematous foci in both the lumbar and thoracic regions. 

It is evident from the table that in the dogs whose blood pressure was norm | 
or moderately reduced after injection of contrast medium the spinal function || 
disturbances were not of such degree that they could be observed on ordina: y 
inspection. Some of these animals, however, displayed morphologic changes f 
grade I. When the blood pressure was greatly reduced after injection (to abo. it 
60 mm Hg), functional and morphologic signs of severe spinal cord dama; e 
were, on the contrary, present in most animals. The variations in the rate f 
injection did not have any apparent effect on either the incidence of spin il 
cord damage or its nature. The dogs given a subarachnoid injection of Xylocaii.c 
0.5 % in Ringer’s solution exhibited neither functional nor morphologic sig:is 
of spinal cord damage after severe hypotension. 


II. Attempts to analyze the pathogenetic mechanism of spinal cord 
damage due to contrast medium 


Unless otherwise stated, the experimental conditions with respect to an- 
aesthesia and other factors were the same as those listed under heading (I). 


1. Effect on the spinal cord of subarachnoid injection of contrast medium after previous 
i. v. injection of hypotonic saline 


Lumbar puncture was performed on 9 dogs, aged 6 months to 2 years and 
weighing 8 to 23 kg. They were placed with the forequarters elevated 30°, and 
the spinal fluid was allowed to run through the puncture needle until the flow 
had ceased, or had diminished to a constant rate of a few drops per minute. 
Kontrast U 20 %, with the addition of 1 mg/ml Xylocaine hydrochloride, was 
injected through the lumbar needle in a dose of 0.5 ml/kg bodyweight. In 3 of 
the dogs (group A) injection of contrast medium was performed without any 
special pretreatment. Three of the dogs (group B) received, before injection 
of the contrast medium, an i. v. injection of 10 ml/kg bodyweight saline 0.9 
in the course of 2 to 4 minutes. Three of them (group C) were pretreated by i. v. 
injection (at the same rate) of 10 ml/kg bodyweight saline 0.3 %. In tie 
pretreated dogs, the interval between the end of the i. v. injection and injecti:n 
of the contrast medium was about 4 minutes. 

The dogs were left with the forequarters elevated for about | hour, afi:r 
which they were placed in the horizontal position. The experimental conditic 1s 
were the same, in relevant details, as those described under (I). The dogs we 'e 
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if 
t 
of 
il 
Le 
mn Fig. 8. Dog 24 hours after lumbar subarachnoid injec- 
tion of Kontrast U 20 °, with Xylocaine. Pretreatment 
by i. v. injection of hypotonic saline. Paralysis of right 
hind leg and severe paresis of left hind leg (grade III). 
kept under observation for 1 to 4 days and then killed. Specimens of the spinal 
| cord were taken at the level of C7, Th4, Th10 and Th13, as well as L1, L2, L3, 
L4, L5 and L6, and examined histologically. 

7 Results. At examination 24 hours after injection of contrast medium (see 
Table), the 3 dogs given a previous i. v. injection of saline 0.3 °% had paralysis 
or severe paresis of the right hind leg and severe (Fig. 8) or moderate paresis 

visa of the other leg (grade III). In the group which had been pretreated by the 
i, V. injection of isotonic saline one dog had a mild paresis (grade I) of the right 

nd hind leg. The other 2 dogs in this group walked normally. No signs of disturb- 
nd ances in spinal cord function were present in the controls which had not been 
ow given any previous fluid injection. 

ite. Histologic examination (see Table) of specimens of the spinal cord from dogs 

vas pretreated by the i. v. injection of hypotonic saline showed lesions (Figs 9, 10 

} of and 11) of the same type as those observed in series (I), E and F, i. e. several 

uy oedematous foci in the white matter of the cord in the lumbar and thoracic 

jon regions, with central necrosis in many of the oedematous areas (grade III). 

0 In the other groups, the morphologic changes, if present, were restricted to 

ov the lumbar region (grades I and II). 

tie 

ion 

. Effect on the spinal cord of subarachnoid injection of hypertonic saline 

ft or ‘ince the osmotic pressure of Kontrast U 20 % had been calculated to cor- 

01S 


res ond to that of a 5.1 °% solution of saline, the experiments listed under (I), 
A, 1 and E were repeated, but substituting saline 5.1 °% (with Xylocaine 0.5 %) 
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Fig. 10. Cross-section of the spinal cord (Th! } 
4 days after lumbar subarachnoid injection sf 


Fig. 9. Cross-section of spinal cord (Th10) 4 days 
after lumbar subarachnoid injection of Kontrast 


U 20 % with Xylocaine. Pretreatment by i. v. Kontrast U 20 % with Xylocaine. The expe i- 
injection of hypotonic saline before injection of mental conditions were the same as in fig. ). 
contrast medium. Normal blood pressure during Part of oedematous focus with central necrv is 
experiments. Confluent oedematous foci with (to the right). Haematoxylin and eosin. = | 0). 
central necrosis laterally in the white matter. 


Haematoxylin and eosin. « 50. 


for the contrast medium. Six dogs in all were used for the experiment; their ages 
were from one to two years and their weight ranged from 8 to 18 kg. The animals 
were divided into 3 groups with two animals in each. In the first group (A), 
corresponding to I A, the tendency to a fall in blood pressure was counteracted 
by an injection of noradrenaline. In the second (B) and third (C) groups, 
corresponding to I C and I E, a moderate and severe fall, respectively, in arterial 
blood pressure was provoked during and after the subarachnoid injection. ‘lo 
check the position of the needle tip, 0.1 to 0.2 ml lipiodol was injected through 
the lumbar needle directly after the injection of saline. 


Results. The 2 dogs whose blood pressure during injection was close to the 
initial level, showed neither functional disturbances nor morphologic changes 
in the spinal cord. The other 4 dogs whose blood pressure had been moderately 
and greatly reduced after the injection exhibited varying degrees of functional 
disturbances and morphologic lesions described in the account of the results of 
subarachnoid injection of contrast medium (see the table, pp. 454—455 
and Fig. 12). 


3. Effect on the blood-spinal cord barrier of subarachnoid injection of Kontrast U in 
varying concentration and of hypertonic saline 


Lumbar and suboccipital puncture were performed on 7 dogs, aged 5 mor ths 
to 2 years and weighing 8 to 20 kg. The hindquarters of the dogs were elev: ‘ed 
about 30°, and the spinal fluid allowed to run freely through the suboccif tal 
needle. When the flow of spinal fluid had ceased, or was reduced to a few di 9ps 
per minute, the forequarters of the dogs were raised about 30°. Injection vas 
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Fi,. 11. Cross-section of the spinal cord (T13) 24 Fig. 12. Cross-section of spinal cord (L4) 24 
hours after lumbar subarachnoid injection of Kon- hours after lumbar subarachnoid injection of 
tra t U 20 °,. Experimental conditions as in fig. 9. saline 5.1 °% with Xylocaine. Injection fol- 
Pa t of oedematous focus near its necrotic centre. 


lowed by a 20 min period of severe hypo- 
Th > axis cylinders are greatly swollen. Haematoxylin tension. Sharply defined oedematous focus 

and eosin. < 500. with central necrosis ventrolaterally in the 
white matter. Haematoxylin and eosin. « 50. 


then made through the lumbar needle, in the course of about 15 sec, of 0.3 
m!/kg bodyweight of the following: cerebrospinal fluid (1 dog), Kontrast U 5, 
10, 15, 20 and 40 % (1 dog each), and saline 5.1 °% (1 dog). All the solutions 
contained 1 mg/ml Xylocaine hydrochloride. When the results of this experi- 
mental series had been studied, the experiment was repeated with Kontrast 
U 15 % and 20 % and with saline 5.1 % (1 dog each). 

Che technique used for demonstration of the increase in permeability was 
essentially the same, in relevant details, as that of Bkoman & OLsson (1948): 
eight minutes after terminating the subarachnoid injection in question, 50 ml/ 
kg bodyweight trypan blue 0.5 °% were injected i. v. in the course of 15 minutes. 
The tendency to a fall in blood pressure was counteracted by a continuous, 
slow infusion of noradrenaline solution (20 ug/ml), the dose being 1.4 to 4 ug/ 
ke bodyweight per minute during 12 to 15 minutes. When the injection of 
trypan blue was finished, the dogs were heparinized with about 20 mg/kg body- 
weight heparin i. v. After a further 1 to 2 minutes, they were killed by i. v. 
injection of 6 cg/kg bodyweight pentobarbital sodium (Mebumalnatrium®) 
6 %. 

The chest of the dog was opened and a T-tube with an inner diameter of 
about 5 mm was introduced through an incision in the aorta and fixed with 
ligitures around the cranial and caudal part of the aorta, respectively. A 
cainula of about the same bore was introduced into the right ventricle. The 
ca: :nula was joined by a rubber tube to a container for collecting the outflowing 
pe fusion fluid. The T-tube was connected to an injection apparatus in which 
th: solution for injection was kept under a pressure of about 150 mm Hg. The 
va cular system was first perfused with physiologic saline until the colour 
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Fig. 13. Spinal cord (Th12-L3) of six dogs after i. v. injection 
of trypan blue. Pretreatment by lumbar subarachnoid injec- 
tion of cerebrospinal fluid (a), Kontrast U 5 % (b), 10 % 
(c), 15 % (d), 20 % (e) and 40 % (f). Abrupt increase in 
the intensity of the blue staining on raising the concentra- 
tion of the contrast medium from 15 °% to 20 %. 


Discussion 
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of the fluid from the rig 
ventricle had decreased to a 
pale pink, and then with | 0 
ml/kg bodyweight forma n 
10 % dissolved in physiolo: ic 
saline. The dog was kept n 
the refrigerator for 24 hou s, 
after which the spinal cc d 
was exposed and inspected. 


Results. With a rising cc 1- 
centration of contrast medit m 
from 0 to 15 % a successiv: ly 
increasing blue staining of tie 
white matter of the spiral 
cord was observed (Fig. 1°). 
Between 15 and 20 % there 
was an abrupt increase in 
colour intensity, with further 
intensification at 40 % con- 
centration of the medium. Re- 
peated experiments with 15 
and 20 % concentration of 
the medium gave staining 
differences of the same order 
of magnitude as those in the 
first experimental series. In 
the dogs given an injection 
of 5.1 % saline, the intensity 
of blue staining was inap- 
preciably lower than that ob- 
served with contrast medium 


20 %. 


Experimental series I formed an attempt to elucidate the influence on the oc- 
currence of spinal cord damage, due to contrast medium, of some conditions 
which may possibly apply in the clinical use of the preparation. In view of ‘he 
primary observations made in the introduction to this paper, these studies w re 
focused chiefly on the importance of variations in the rate of injection anc in 
the arterial blood pressure. The results may be briefly summarized as follc vs. 
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A moderate fall in blood pressure, i. e. to about 85 mm Hg, after injection of 
¢ atrast medium did not give rise to any serious functional disturbances or 
h :topathologic changes. A marked fall in blood pressure after injection (to 
a out 60 mm Hg) with otherwise identical experimental conditions was 
o. the contrary found to result in severe spinal cord damage in most animals. 
\ :riations in the rate of injection within the limits stated did not, on the other 
h nd, have any apparent effect on the incidence or nature of the damage. 
T 1e most obvious spinal functional disturbances were in the nature of paresis 
oi paralysis of one or both hind legs. The morphologic changes in the spinal 
ccrd consisted of focal oedema localized to the white matter in the lumbar 
re zion and, in certain cases, in the thoracic region as well. Some of the oedem- 
atous foci had a central area of necrosis. Both the functional disturbances and 
the morphologic changes showed a predilection for the side that was in the 
lower position during injection. 

These observations seem to warrant the following comments. The contribu- 
tion of the fall in blood pressure to the occurrence of spinal cord damage may 
b: attributable to delayed absorption of contrast medium, or to anoxic injuries, 
wnich are added to the actual damage caused by the medium. The experiments 
made do not permit any evaluation of the role played by these factors. It seems 
reasonable to infer that the predominant localization of the damage to the right 
side is due to the fact that the contrast medium, in view of its higher specific 
gravity, follows the part of the subarachnoid space lying lowest. 

The following practical considerations naturally follow. The arterial blood 
pressure should always be checked and, if necessary, corrected in the diagnostic 
use of subarachnoid injection of Kontrast U in doses sufficient to reach the 
spinal cord. Turning the animal immediately after ending the examination 
may be presumed to have a prophylactic effect against damage by the contrast 
medium, since it is then probably diluted more rapidly by the spinal fluid. If 
this procedure is used it further accentuates, however, the need for checking the 
blood pressure. This is because positional changes in connexion with injection 
of contrast medium combined with Xylocaine may produce a severe fall in 
blood pressure (FuNKQuist & OBE. 1960). 

[t is true that injection of contrast medium produced no obvious functional 
disturbances of the spinal cord in dogs whose blood pressure had been kept 
close to the normal level. Despite this, the presence of morphologic changes in 
the spinal cord in some of these animals implies that the preparation should 
not be used for diagnostic purposes under the conditions in question. In studies 
now in progress — of which the results will be published separately — the 
preparation has been used for thoracolumbar myelography in spontaneous 
conpression of the spinal cord (chiefly prolapsed disc) in the dog. The condi- 
ticns have been modified as follows. Elevation of the forequarters has been 
decreased to about 10°; cerebrospinal fluid has not been withdrawn in any 
ap oreciable amount before injection of contrast medium; the dose has been 
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reduced to 0.3 ml/kg bodyweight contrast medium 20 °% with the addition { 
1 mg/ml Xylocaine hydrochloride; turning the dog 90° (from the lateral po - 
tion onto the abdomen) has been done | to 2 minutes after ending the injec - 
tion. Judging by the observations hitherto made, this form of myelography 
well tolerated, also as far as structure of the spinal cord is concerned. 


Experimental series II, which was intended to elucidate the pathogene ¢ 
mechanism of the spinal cord damage, was focused mainly on the proble: \s 
(1) whether the disturbances observed in the exchange of fluid within the s; .- 
nal cord are of primary, decisive importance for the development of the spir || 
cord lesions or the direct effect of the contrast medium on the non-vascul :r 
elements of the spinal cord is the more important factor, and (2) whether t ¢ 
injurious effects of the contrast medium are dependent chiefly on osmo. 
factors, or possibly to a more specific toxic effect. 

1. The exchange of fluid between the capillaries and the extracellul ir 
spaces in the central nervous system is highly sensitive to changes in the osmo. ic 
pressure of the blood. Intravenous injection of hypotonic saline leads at one 
to an increased outflow of fluid to the extracellular spaces (WEED 192:,), 
manifested as an increase in volume and raised production of spinal fluid. 

If the injurious action of the contrast medium were to be dependent maitly 
on its effect on non-vascular elements in the spinal cord, i. v. injection of hypo- 
tonic saline immediately before injection of contrast medium could be expected 
to result in a more rapid dilution of the medium diffusing into the cord, and 
thus to diminish its injurious effect. If, on the other hand, the contrast medium 
acted chiefly by promoting the outflow of fluid to the central nervous system, 
i. v. injection of hypotonic saline in connexion with injection of contrast medium 
could be expected to accentuate the injurious effects. 

The results of our experiments argue in favour of the latter alternative. This 
is because in dogs pretreated by i. v. injection of hypotonic saline severe spinal 
cord damage appeared after an injection of contrast medium which under 
otherwise identical conditions produced no serious damage in dogs that had 
not been pretreated in this way. It seems probable consequently that a disturb- 
ance in the exchange of fluid within the spinal cord does in fact play a primary 
and dominant role in the pathogenesis of damage caused by contrast medium. 

2. The question whether the contrast medium exerts its injurious effect 
mainly by osmosis, or by more specific toxic properties, was studied by a com- 
parison between the effect of contrast medium and that of a saline solution iso- 
tonic with the medium. The comparison applied to neurologic symptoms and 
signs, morphologic changes in the spinal cord and disturbances in the blood- 
spinal cord barrier. With respect to functional and morphologic signs of spinal 
cord lesions, injection of saline was found to produce damage of the same ty pe 
and degree of severity as injection of contrast medium which had the sane 
osmotic pressure and was injected under the same conditions. As far as he 
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EFFECT ON THE SPINAL CORD OF SUBARACHNOID INJECTION 463 
« fect on the blood-spinal cord barrier was concerned, the increase in capillary 
ermeability to trypan blue was only inappreciably lower after injection of 
dine 5.1 °% than after injection of Kontrast U 20 %. 

To sum up, the following statements may be made. The comparative studies 
a the effect on subarachnoid injection of saline solution and of contrast medium 
‘spectively, indicate that the injurious effects of the medium are dependent 
x the greater part on osmotic factors. It is therefore unnecessary to postulate 
ay specific toxic properties of the medium to explain the spinal cord lesions 
yserved. The effect of the subarachnoid injection of water-soluble contrast 
.edium seems to differ in this way from that of intra-arterial injection (cere- 

‘al and renal arteriography), since the detrimental effects of contrast medium 
jected by this route are far more severe than those of saline solution isotonic 
ith it (BRomAN & Otsson 1949, HELANDER 1958). 

Our study of the changes in the blood-spinal cord barrier after subarachnoid 
iijection of contrast medium showed a conspicuous, abrupt increase in capillary 
permeability when the concentration of the medium was raised from 15 to 20 %. 
Cbviously, this study does not permit any conclusions regarding the importance 
o: the increased capillary permeability for development of the spinal cord 
lcsions. However, even if the increased permeability were to be a more sub- 
ordinate phenomenon, it is difficult to disregard the possibility that it may, in 
fact, be a measure of the injurious effect to which the spinal cord is exposed by 
the injection of contrast medium. Ifthis argument were to be correct, an endeav- 
our should be made to keep the concentration of the medium in the sub 
arachnoid space at around 15 °% or below it. On injection of contrast medium 
20 °% without preceding spinal tap, or after withdrawal of only a moderate 
amount, this concentration should be exceeded only for very brief periods. If, 
on the other hand, the greater part of the spinal fluid is withdrawn before in- 
jection — as has been suggested in cervical myelography (FunKQuist 1961) — 
it seems advisable either to reduce the concentration of the medium to a maxi- 
mum of 15 °%, or, ifa higher concentration is used, to reinject the spinal fluid as 
soon as possible. 

The histopathologic changes in the spinal cord in our experiments are in 
good agreement with those observed by Lunpy et coll. (1933) in the subarach- 
noid injection of highly concentrated procaine in the dog. These authors, who 
did not record the blood pressure in their experiments, obtained a highly 
variable effect on the spinal cord, even under apparently identical conditions; 
wien discussing the cause of the great diversity in the results, they stated that 
th: variations in blood pressure could be ruled out as a factor of importance. 
Tiis was because no correlation existed between the presence of spinal cord 
leons and the occurrence of respiratory paralysis and, in their opinion, the 
efi-ct of procaine on the respiration and blood pressure should run parallel. It 
dc +s not, however, seem correct to assume a parallelism between the respira- 
tic 1-depressing effect of procaine and its effect on the blood pressure. Conse- 
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quently, it seems likely, in view of the results of our experiments, that the comt - 
nation of low arterial blood pressure and the presence of a hypertonic solutic 
in the subarachnoid space may, in fact, have played a pathogenetic role in ti > 
damage to the spinal cord produced by procaine in the experiments of Luni 
et coll. Moreover, we consider that it is advisable, in an analysis of the neurolog 
complications of spinal anaesthesia, to pay more regard to the blood pressu 
conditions during anaesthesia than seems hitherto to have been the case. A 
other consideration is the possibility of the parenteral administration, befo ; 
or during anaesthesia, of solutions with a low electrolyte content. 
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SUMMARY 


The effect on the spinal cord of filling the greater part of the spinal subarachnoid space 
with Kontrast U® 20 %, has been studied under experimental conditions in dogs. It was found 
that the incidence and severity of the spinal cord lesions could be increased by lowering tiie 
blood pressure after injection and by the previous i. v. injection of hypotonic saline. Subarach- 
noid injection of saline solution isotonic with the contrast medium was found to produce spinal 
cord lesions of the same type as did the contrast medium. 


ZUSAMMENFASSUNG 


Die Wirkung einer Fiillung des gréssten Teiles des spinalen Subarachnoidalraumes mit 
Kontrast U® 20 °, auf das Riickenmark ist unter experimentellen Bedingungen bei Hunden 
untersucht worden. Man fand, dass die Haufigkeit und die Schwere der Riickenmarkschadi- 
gung durch Herabsetzung des Blutdruckes nach der Injektion und durch vorherige intravenise 
Injektion hypotoner Salzlésung gesteigert werden konnte. Es ergab sich, dass die subarach- 
noidale Injektion einer mit dem Kontrastmittel isotonen Salzlésung Riickenmarkschadigungen 
des gleichen Typus wie das Kontrastmittel selbst hervorruft. 


RESUME 


Les auteurs ont étudié dans des conditions expérimentales, sur des chiens, l’effet sur la 
moelle épiniére du remplissage de la majeure partie de l’espace sous-arachnoidien rachidien 
avec du Kontrast U® a 20 %. Ils ont constaté qu’on peut augmenter la fréquence et la 
gravité des lésions médullaires en abaissant la tension artérielle aprés l’injection et en inject int 
préalablement par voie intraveineuse une solution saline hypotonique. Ils ont constaté «jue 
P injection sous-arachnoidienne d’une solution saline isotonique au moyen de contraste proc uit 
des lésions médullaires de méme type que celles que cause le moyen de contraste. 
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SUPRAVALVULAR STENOSES OF THE 
PULMONARY ARTERIES 


Report of eleven cases 
by 


HAKAN Arvipsson, Ertk CARLsson, ALEXIS HARTMANN, JR., ARGyRIOS 
and CHARLES CRAWFORD 


The widespread use of cardiac catheterization and especially selective angio- 
cardiography has made it possible to diagnose unusual cardiac malformations 
ante mortem. Supravalvular pulmonary artery stenoses are good examples of 
this, and single case reports and small collections of cases have been reported 
so that at present there are 41 instances of these malformations described in 
the literature (1, 3, 4, 5, 6, 7, 8, 9, 11, 12, 16, 17, 18, 21, 22, 25). 

Some of the cases reported had isolated supravalvular stenoses, others had 
associated heart malformations, such as pulmonary valvular stenoses, patent 
ductus arteriosus, interventricular and interatrial septal defects. There is only 
one report upon the pathologic findings (ORELL et coll.). 

A clearer conception of these malformations may be gained by reviewing 
the classification proposed by Smiru, who divided the supravalvular stenoses 

to three groups: 
in Type I. Single or multiple stenoses of the pulmonary arteries. These are usuc ly 
situated in the lobar branches in the hilar region but may be present in r|a- 
tively small extrahilar branches. Poststenotic dilatations are usually present ‘1, 
4, 6, 7, 8, 18, 21, 22, 25). 

Type II. Stenosis of the bifurcation of the pulmonary trunk (16, 17). 
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Type Il]. Membranous stenosis immediately distal to the pulmonary valve 
9, 11, 20). 

To this classification a fourth group may be added. 

Type IV. Stenosis or generally diminished cross-sectional area of the pul- 
aonary arteries, usually the right (12). 

Combinations of the four types have also been observed. 

The purpose of this study is to report 11 patients with supravalvular stenoses 
‘iagnosed by selective angiocardiography. This is the largest number of pa- 
‘ents studied in one series, and provides an unusual opportunity to re-emphasize 


‘ae clinical recognition, diagnostic approach, and prognosis in patients born 
\ ith these malformations. 


Material and Methods. The material consists of eleven patients ranging in age from 10 months 
t» 18 years. All patients were completely evaluated prior to catheterization and angiocardio- 
g-aphy. The data will be found in the following Case reports. The catheterizations were per- 
firmed with USCI heart catheter after a venous cut-down, and oxygen saturation was meas- 
uced with a Water’s cuvette oximeter. In 2 instances it was possible to obtain oxygen samples 
fiom the aorta after the catheter had passed through a patent ductus arteriosus. Pressures were 
recorded with a Statham string gauge manometer. In 10 of the cases the pressure gradients 
over the stenotic areas were not recorded. This was due to the fact that the correct diagnosis 
was often not suspected until the angiocardiograms were seen. 

Angiocardiography was performed immediately after the catheterization study. The tip of 
the catheter was placed either in the main pulmonary artery or in the right ventricle, and 
Hypaque™, 75 per cent, a dose of 1.2 to 1.5 ml/kg body weight was injected with a Gidlund 
pressure syringe. The film changer was of the Schénander type, biplane 24 « 30 cm with a 
maximum exposure frequency of 6 per second. Two 4-valve Picker generators were used, 
operated with Dynapulse, allowing an exposure time of 5 milliseconds. The program selector 
of the film changer was arranged so that films were obtained during the filling of the right as 
well as the left heart and the aorta. Simultaneous recordings of the ECG and exposures were 
made so as to secure the cardiac phase of each pair of films. On the films the smallest cross- 
sectional areas of the main pulmonary artery and the right and left pulmonary arteries were 
measured. The arteries were measured on films exposed in ventricular systole and the areas 
were corrected for the geometrical distortion. As a comparison the cross-sectional area of the 
ascending aorta was determined according to the same principles. 


Case reports 


Case 1, Girl, aged five and a half years, coloured. Father AET 31 and mother AET 26, both 
without heart disease. (Two siblings (Cases 2 and 3) diagnosed as multiple peripheral pul- 
monary artery stenoses. Male sibling died, when one month old, of undiagnosed heart disease; 
male sibling aged 2 years and female sibling aged 7 months have no evidence of heart disease. ) 
A heart murmur was detected when patient was six months old. She is asymptomatic except 
that she easily tires and has respiratory infections with increasing frequency. 

Physical examination. Height 108 cm, weight 18.4 kg, auxodrome 42 °%, Wetzel grid. Grade 
2/4 systolic murmur present at bases R > L, transmitted to axillae and back. O, saturation 
93%, hemoglobin 12.6 g %. ECG: right ventricular enlargement. 

J outine roentgenograms of chest. Signs of right ventricular enlargement. The central pulmonary 
art ries appeared wide, the peripheral arteries normal. 

( ardiac catheterization. Oxygen saturation determination: no left-to-right shunt. Pressures: 
rig’ t ventricle 49/0 and main pulmonary artery 49/8. 
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Case 3 
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X 
C 
\ Case 9 (x Case 10 Case 11 


Fig. 1. Schematic drawings of angiocardiographic patterns in Cases 1 to 11. Each drawing is made 

from several films; some details are better seen in an early phase, others in a late phase of the exami- 

nation. All drawings are from anteroposterior films except in Case 6 which is a drawing from a lateral 
projection. 


Angiocardiography, with injection into right ventricle, (see Figs 1 and 2). Right ventricular 
enlargement, pulmonary valves normal. Main pulmonary artery normal in appearance but 
right pulmonary artery hypoplastic. The left pulmonary artery was not accessible for measure- 
ments as masked by the main pulmonary artery. Multiple peripheral stenoses with marked 
poststenotic dilatations were present on both sides. 

Cross-sectional areas. Main pulmonary artery 1.65 cm?, right pulmonary artery 0.33 cm’, 
left pulmonary artery not accessible, aorta 0.8 cm*. 

Diagnosis. Multiple peripheral stenoses and hypoplasia of right pulmonary artery. 


Case 2. Boy, aged 20 months, coloured. For family history, see Case 1. Entered for evaluat on 
because of heart murmur first heard at age of 12 months. Increasing number of upper resp’ra- 
tory infections. 

Physical examination. Height 70 cm, weight 11.9 kg, auxodrome 50 °, Wetzel grid. Grade 2/4 
systolic murmur loudest at right base and left sternal border, transmitted well to axillae, b ick 
and neck. O, saturation 90 %, hemoglobin 10.3 g °,. ECG: right ventricular enlargem 1 
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lig. 2. Case 1. Angiocardiography, anteroposterior projection. Injection into right ventricle. 
a) Narrow right and left pulmonary arteries. b) Detail of right pulmonary artery. Stenoses at the 
bifurcations with poststenotic dilatations. The stenoses are not well seen in the lower and middle lobe 
arteries due to superimposition but the poststenotic dilatations are visible. 


Routine roentgenograms of chest. Moderate left atrial enlargement and possibly some right 
atrial enlargement. Main and peripheral pulmonary arteries of normal appearance. 

Cardiac catheterization. Oxygen saturation determination: no left-to-right shunt. Pressures: 
right ventricle 39/0, main pulmonary artery 39/8. 

Angiocardiography, with injection into main pulmonary artery, (see Fig. 1). Moderate nar- 
rowing of pulmonary artery mainly in both upper lobes. During the filling of the left side of 
the heart there was marked left atrial and ventricular enlargement and the aortic valves were 
deformed. Moderate aortic valvular stenosis could not be exluded. 

Cross-sectional areas. Main pulmonary artery 0.55 cm?, right pulmonary artery 0.40 cm?, 
left pulmonary artery 0.30 cm?, and aorta 0.55 cm?. 

Diagnosis. Multiple peripheral pulmonary stenoses and (?) aortic valvular stenosis. 


Case 3. Girl, aged two and a half years, coloured. Family history, see Case 1. Entered for 
evaluation because of increasing tiredness and a heart murmur first heard in the neonatal pe- 
riod. 

Physical examination. Height 86 cm, weight 13.5 kg, auxodrome 67 °;, Wetzel grid. Grade 3/+ 
systolic murmur at left sternal border, loudest at 3rd, 4th and 5th interspaces, transmitted to 
left axilla and back. O, saturation 93 °%%, hemoglobin 11.0 g °,. ECG: normal. 


/Q9 

Routine roentgenograms of chest. Heart normal in size and shape, pulmonary vessels normal. 

Cardiac catheterization. Oxygen saturation determination: no left-to-right shunt. Pressures: 
ri zht ventricle 36/0, main pulmonary artery 34/7. 

Angiocardiography, with injection into main pulmonary artery, (see Fig. 1). Main pulmonary 
aitery and pulmonary valves normal. Stenoses in practically all branches of the pulmonary 
a: teries. Normal left atrium, ventricle and aorta. 

Cross-sectional areas. Main pulmonary artery 1.35 cm?*, right pulmonary artery 0.9 cm?, 
le t pulmonary artery 0.7 cm?, and aorta 1.0 cm?. 
Diagnosis. Multiple peripheral pulmonary stenoses. 
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Case 4. Girl, aged 10 months, coloured. Born prematurely, birth weight 1 970 g. Mothe 
had rubella during the first trimester. Heart murmur discovered at age of 4 months. 

Physical examination. Small infant, height 67.5 cm, weight 5.0 kg, premature auxodrome o 
Wetzel grid. Grade 3/4 continuous murmur at left base with systolic thrill. O, saturatio 
(earpiece) 96 %%, hemoglobin 11.0 g %%. ECG: left ventricular enlargement; patent ductv 
arteriosus divided and sutured (age 10 months). Since operation asymptomatic but had 
grade 1—2/4 systolic murmur at left sternal border, transmitted to axillae and back. 

Routine roentgenograms of chest. Before ligation of patent ductus arteriosus: wide pulmonar 
vessels, enlarged left atrium, wide ascending aorta, and suggestion of left ventricular enlarg: 
ment. No evidence of pulmonary valvular stenosis. After operation the pulmonary arteri: 
vessels were considerably narrower than previously. Aorta was narrower than before ligatio 
but there was still some enlargement of the left atrium. No signs of right ventricular enlarg: 
ment. 

Cardiac catheterization. Oxygen saturation determination: no left-to-right shunt. Pressure: 
right ventricle 70/0, main pulmonary artery 57/27. There was thus a slight systolic gradier 
between the right ventricle and pulmonary artery; this was undoubtedly produced by th 
L—R shunt through the patent ductus arteriosus. 

Angiocardiography, injection into right ventricle, (see Fig. 1). Fused pulmonary valves formin 
a dome during ventricular systole. Diastolic dilution effect in the main pulmonary artery con 
sistent with patent ductus arteriosus. Marked narrowing of right pulmonary artery and multip|. 
peripheral stenoses with poststenotic dilatations. 

Cross-sectional areas. Main pulmonary artery 1.0 cm?, right pulmonary artery 0.08 cm‘. 
left pulmonary artery 0.12 cm?, and aorta 0.9 cm*. 

Diagnosis. Multiple peripheral pulmonary stenoses. Hypoplasia of right pulmonary artery, 
pulmonary valvular stenosis and patent ductus arteriosus. 


Case 5. Girl, aged 9 years, white. Mother had rubella during the first six weeks of gestation. 
Congenital cataracts were noted at birth, and a heart murmur at the age of six months. At 
the age of four, patient was admitted because of cardiac failure, refractory to digitalis, oxygen 
and diuretics. A patent ductus arteriosus was diagnosed clinically on the basis of a continuous 
murmur at base of heart. A 7 mm diameter patent ductus was ligated as a desperation measure 
in spite of cardiac failure. She improved markedly after operation and became asymptomatic 
except for intolerance to mild exercise, a systolic murmur and residual cardiac enlargement. 
She was readmitted at the age of nine years for evaluation. 

Physical examination. Small child, height 123 cm, weight 22.6 kg, auxodrome 90 °, Wetzel 
grid. Bilateral postoperative cataracts. A grade 2/4 systolic murmur over the entire precordium, 
loudest at right base. O, saturation 97 °4, hemoglobin 12.9 g %,. ECG: signs of biventricular 
enlargement and myocardial disease. 

Routine roentgenograms of chest. Before operation, general cardiac enlargement with left ven- 
tricular and right ventricular enlargement, wide pulmonary vessels and attenuation of the 
vessels in the middle zones of the lungs. Following operation, still some signs of right ventricular 
enlargement. Central pulmonary vessels wide but peripheral vessels narrow. Rounded mass 
close to the descending aorta (?) postoperative aneurysm. 

Cardiac catheterization (postoperative). Oxygen saturation determination: no left-to-right shunt. 
Pressures: right ventricle 61/0, main pulmonary artery 53/12. 

Angiocardiography, with pulmonary artery injection (see Fig. 1). Mild pulmonary valvul ir 
stenosis with thickening of valves and dome formation during ventricular systole. Multiy ‘e 
peripheral stenoses of pulmonary arteries particularly on right side. Postoperative aneurysm >f 
descending aorta filled simultaneously with the aorta. 

Cross-sectional areas. Main pulmonary artery 1.3 cm?, right pulmonary artery 0.23 cn *, 
left pulmonary artery 0.47 cm?, and aorta 2.5 cm?*. 

Diagnosis. Multiple peripheral pulmonary stenoses. Postoperative patent ductus arterio: 1s 
with aneurysm of aorta. Mild pulmonary valvular stenosis. 
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Fig. 3. Case 7. Angiocardiography, anteroposterior projection. Injection into 
right ventricle. Typical appearance of the stenoses and poststenotic dilatations 
which are best seen in the arteries of the upper lobes. 


Case 6. Girl, aged three and a half years, white. Mother had rubella during third week o 
pregnancy. Born prematurely, birth weight 1 391 g. Heart murmur and bilateral cataracts 
detected during neonatal period. She was entered for evaluation because of heart murmur, 
frequent upper respiratory infections and retarded growth. 

Physical examination. Small child, height 83 cm, weight 9.6 kg, auxodrome very premature 
according to Wetzel grid. Grossly enlarged heart with bulging left hemithorax. Grade 3/4 harsh, 
systolic and diastolic murmur at left base. Second systolic murmur with systolic thrill at left 
lower sternal border. O, saturation (earpiece) 97 °,,, hemoglobin 12.5 g °,. ECG: right ven- 
tricular enlargement and incomplete right bundle branch block. 

Routine roentgenograms of chest. General enlargement of heart particularly of left atrium and 
lefi ventricle. Wide pulmonary vessels compatible with left-to-right shunt. 

Cardiac catheterization. Oxygen saturation determination: left-to-right shunts at atrial and 
ventricular levels. Pressures: right ventricle 83/0, the pulmonary artery could not be entered. 

Angiocardiography, with right ventricular contrast medium injection (see Fig. |). Thickened 
pulmonary valves forming a dome during ventricular systole. Some local stenoses evident in 
lateral view in lungs. Contrast medium passed from the right to the left ventricle during the 
inj-ction. Dilution effect in main pulmonary artery consistent with patent ductus arteriosus. 

(-ross-sectional areas. Main pulmonary artery 2.2 cm*, right pulmonary artery not accessible, 
lefi pulmonary artery 0.3 cm?, and aorta 1.2 cm?. 

(Course. The patient died with complete heart block immediately after surgical repair of inter- 
ver tricular septal defect and patent ductus arteriosus; autopsy verified the diagnostic findings. 

J"iagnosis. Multiple peripheral pulmonary stenoses, ventricular septal defect, patent ductus 
art. riosus and pulmonary valvular stenosis. 
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Case 7. Boy, aged two and a half years, white. Heart murmur and syndactylism of left har | 
present at birth. At the age of 3 weeks pylorotomy was successfully performed for pyloric si - 
nosis. He was entered for evaluation because of the murmur and an episode of syncope. 

Physical examination. Height 91 cm, weight 14 kg, auxodrome 50 °, Wetzel grid. Syndactylis 4 
of left hand involving three digits. Grade 3—4/4 systolic murmur over the entire pi - 
cordium, loudest at second left interspace, transmitted to axillae and back. A systolic thr || 
was palpable at 3rd to 4th left interspaces. The pulmonary second sound was diminish 
O, saturation was 97 °,, hemoglobin 12.3 g °,. ECG: right ventricular enlargement. 

Routine roentgenograms of chest. Some right ventricular enlargement. Wide and irregular c: \- 
tral pulmonary vessels and narrow and irregular peripheral vessels. Narrow aorta. 

Cardiac catheterization. Oxygen saturation determination: no left-to-right shunt. Pressu 
right ventricle 78/0. 

Angiocardiography, Right ventricle injected (see Figs | and 3). Pulmonary valves slightly « -- 
formed, possibly with some stenosis. Both right and left pulmonary arteries narrow, with loc (J 
stenoses and poststenotic dilatations of practically all branches. During filling of aorta a lox || 
reduction in size of ascending aorta above the aortic valves was noted. 

Cross-sectional areas. Main pulmonary artery 0.56 cm*, right pulmonary artery 0.14 cn * 
left pulmonary artery 0.12 cm?, and aorta 0.8 cm*. 

Course. The patient died suddenly at home two months after the investigation. No autop.y 
performed. 

Diagnosis. Multiple peripheral pulmonary stenoses. Pulmonary valvular stenosis and sup: .- 
valvular aortic stenosis. 


Case 8. Boy, aged 5 years, white. Entered for evaluation because of heart murmur detect«d 
on routine physical examination at school and increasing frequency of upper respiratory 11- 
fections. 

Physical examination. Well developed acyanotic boy, height 100 cm, weight 18.2 kg, auxodroime 
40 °,, Wetzel grid. Grade 2/4 systolic murmur at bases R > L, transmitted to axillae and back 
R > L, hemoglobin 11.9 g °,. ECG: possibly right ventricular enlargement. 

Routine roentgenograms of chest. Slight cardiac enlargement mainly of left ventricle and left 
atrium. Irregular peripheral pulmonary vessels. 

Cardiac catheterization. Oxygen saturation determination: no left-to-right shunt. Pressures: 
right ventricle 54/0, main pulmonary artery 54/7. 

Angiocardiography. Pulmonary artery injected (see Fig. 1). Narrow left pulmonary artery. 
Peripheral pulmonary stenoses mainly of smaller branches, particularly on right side. [eft 
ventricle considerably enlarged and, during its filling, possibly some of the medium lies in the 
right ventricle. The changes in the diameter of the ascending aorta from systole to diastole 
are much greater than usual and suggest aortic insufficiency. 

Cross-sectional areas. Main pulmonary artery 1.3 cm?, right pulmonary artery 0.8 cm, ‘efi 
pulmonary artery 0.2 cm*, and aorta 1.5 cm. 

Diagnosis. Multiple peripheral stenoses, (?) aortic insufficiency and (?) ventricular sej tal 
defect. 


Case 9. Male, aged 18 years, white. Entered for evaluation because of heart murmur | rst 
detected at age of 20 months. Asymptomatic. 

Physical examination. Grade 3/4 systolic murmur and thrill at left base. Hemoglobin | }.7 
g °,. ECG: right ventricular enlargement. 

Routine roentgenograms of chest. Heart volume not increased, but main pulmonary artery nd 
central and peripheral pulmonary vessels all wide, suggesting a left-to-right shunt. 

Cardiac catheterization. Oxygen saturation determination: no left-to-right shunt. Pressu es: 
right ventricle 80—90/5, left pulmonary artery 30—33/10. 
Angiocardiography. Pulmonary artery injected (see Figs 1 and +). Considerable local ster sis 
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‘ig. 4. Case 9. Angiocardicgraphy lateral Fig. 5. Case 11. Angiocardiography, anteroposterior 
iew. Right ventricle and atrium contrast view. Right ventricle injected. Both the right and left 
illed. The pulmonary valves are closed pulmonary arteries are relatively narrow. Stenoses and 
diastole) and are normal in appearance. poststenotic dilatations particularly in right upper lobe 
There is a diaphragmatic supravalvular arteries. 
stenosis in the main pulmonary artery 

(arrow). 


of main pulmonary artery due to diaphragmatic formation above the valves. Multiple pe- 
ripheral pulmonary stenoses with poststenotic dilatations, particularly on left side. 
Cross-sectional areas. Main pulmonary artery (at area of stenosis) 0.8 cm*, right pulmonary 
artery 1.7 cm?, left pulmonary artery 1.3 cm?, and aorta 4.5 cm?. 
Diagnosis. Multiple peripheral pulmonary stenoses and stenosis of main pulmonary artery. 


Case 10. Boy, aged 5 years, coloured. Mother’s pregnancy uneventful; birth normal. Deaf- 
ness and heart murmur apparent at age of 21 months. Entered for diagnostic studies because 
of decreased exercise tolerance and slight cardiac enlargement. 

Physical examination. Acyanotic. Height 114 cm, weight 16.8 kg, auxodrome 50 °,, Wetzel 
grid. Grade 2/4 systolic murmur at bases R > L, transmitted to axillae and back. Systolic 
thrill at right base. Hemoglobin 11.5 g °,. ECG: within normal limits. 

Routine roentgenograms of chest. Slight cardiac enlargement with predominance of right ventricle. 
Wide pulmonary vessels suggesting left-to-right shunt. 

Cardiac catheterization. Oxygen saturation determination: no left-to-right shunt. Pressures: 
rght ventricle 45/0, main pulmonary artery 41/10 and left pulmonary artery 26/0. 

Angiocardiography. Pulmonary artery injected (see Fig. 1). Stenosis at bifurcation of main 
pulmonary artery with a high degree of stenosis of left pulmonary artery. Left side of heart 
normal except for moderate deformity and thickening of the aortic valves but no signs of ste- 
n sis. (No poststenotic dilatation of ascending aorta.) 

Cross-sectional areas. Main pulmonary artery 1.9 cm?, right pulmonary artery 0.5 cm?, left 
p Umonary artery 0.25 cm?, and aorta 2.1 cm?. 

Diagnosis. Coarctation of pulmonary artery. 
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Case 11. Boy, aged 15 years, coloured. Heart murmur present 8 months prior to admissior B 
Symptoms: palpitations on extreme exertion but participates in athletics. 1¢ 
Physical examination. Well developed, well nourished boy; height 165 cm, weight 55 kg 10r 
Grade 2/4 systolic murmur at bases, transmitted to axillae and back. Hemoglobin 13 g °, 
ECG: possibly slight right ventricular enlargement. pas 
Routine roentgenograms of chest. Heart normal in size and shape. Prominent hilar vessels but nc ‘ Rid 
of the L—R shunt type. Peripheral pulmonary vessels normal to slightly decreased in size. jm 
Cardiac catheterization. Oxygen saturation determination: inconclusive. Pressures: rig! ton 
ventricle 70/4, main pulmonary artery 70/8, right pulmonary artery peripherally 20/10, rig! cue 
pulmonary artery centrally 50/10, left pulmonary artery peripherally 20/10. \ ith 
Angiocardiography. Right ventricle injected (see Figs 1 and 5). Pulmonary valves norma: tie | 
considerable changes in diameter of main pulmonary artery. Multiple peripheral stenos: ‘he 
mainly of arteries of upper lobes. Normal left atrium, left ventricle and aorta. abor 
Cross-sectional areas. Main pulmonary artery 4.5 cm*, right pulmonary artery 0.7 cm*, le! come 
pulmonary artery 0.2 cm*, and aorta 3.5 cm’. f ion 
Diagnosis. Multiple peripheral pulmonary stenoses. an 
aorti 
com 
Results cout 
A. Clinical findings. It is difficult to establish the diagnosis of multiple periph- 
eral pulmonary stenoses by physical examination, but the murmur which C. 
is systolic and often in an unusual location and distribution, may make one in th 
suspect the diagnosis. In four patients (Cases 1, 2, 5 and 10), the murmur (19, 
was heard best at the right base, and was transmitted well to both axillae and from 
the back. This raised the question of an aortic valve lesion prior to angiocardi- the 
ography, even though the aortic second sound was normal. In Case 7, supra- periy 
valvular aortic stenosis did, in fact, exist in addition to the multiple peripheral of co 
pulmonary stenoses, and the aortic lesion probably was responsible for the sion 
syncopal episode and sudden death of this child. In Case 2, there was a deform- arter 
ity of the aortic valves but no evidence of aortic stenosis. cent 
A continuous murmur occurring with isolated peripheral pulmonary stenoses if the 
has been described by several authors (1, 5, 8, 9, 18, 21) and 2 patients reported cardi 
(5, 8) were operated on for patent ductus arteriosus before the correct diagnosis addit 
was established. None of the patients in this series with isolated peripheral stc- Al 
noses had a continuous murmur. However, Cases 4 and 5 had a continuous The | 
murmur before ligation of a concomitant patent ductus arteriosus. The murmur isolat 
compatible with multiple pulmonary peripheral stenoses was heard only after were 
ligation of the ductus arteriosus in these two patients. had 
In the isolated disease the electrocardiogram usually shows right ventricular cathe 
f | enlargement, but may be normal if the disease is minimal (Cases 3 and 10). incre 
j The electrocardiographic findings may be influenced by an associated lesion, 
{ e. g. patient represented in Case 4 who also had a patent ductus arteriosus an1 2. 
4 left ventricular enlargement. It is interesting to note that after ligation of the str ati 
patent ductus arteriosus the ECG was interpreted as normal. trast 
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B. Conventional chest roentgenograms. The findings on the chest roentgenograms 
1 cases of multiple stenoses of the pulmonary artery or coarctation of the pul- 
1onary artery are generally inconclusive. The increased pressure in the pul- 
ionary artery and right ventricle are associated with right ventricular hyper- 
‘ophy and dilatation. The central pulmonary vessels may, or may not ap- 
) ear widened. The stenoses themselves are impossible to locate on the conven- 
tonal films, even when compared with the angiocardiograms. This is partly 
(ue to superimposition of the pulmonary veins hiding the stenoses. In cases 
\ ith very marked poststenotic dilatations of the peripheral pulmonary arteries 
tae pulmonary vessels may have the appearance of a left-to-right shunt (Case 9). 
“here is usually a moderate dilatation of the main pulmonary artery. The 
above description is only valid if no associated lesions exist, and if there is a 
congenital defect the appearance of the conventional chest films will be af- 
f-cted. In a case of patent ductus arteriosus and multiple stenoses, for instance, 
tae signs of overcirculation of the lungs, dilatation of the arch and ascending 
aorta, left atrial and left ventricular enlargement will be encountered. In cases 
combined with valvular pulmonary stenosis, the main pulmonary artery and 
central pulmonary branches will be dilated. 


C. Cardiac catheterization. Catheterization of the pulmonary arteries is of value 
in the diagnosis of multiple peripheral stenoses. In some of the cases reported 
(19, 23) the diagnosis was established only by means of a catheter pull-out curve 
from a peripheral to the main pulmonary artery. It seems unreliable to base 
the diagnosis on pressure measurements alone. This is particularly true for the 
peripheral pulmonary stenoses (type I). The catheter may not pass the area 
of constriction and a diagnosis of idiopathic or primary pulmonary hyperten- 
sion may be made erroneously. If the catheter is partly ‘wedged’ in a peripheral 
artery a diagnosis of a non-existent peripheral stenosis may be made. The 
central stenoses are less apt to be misdiagnosed by the catheter method. Even 
if the diagnosis of peripheral stenoses is established by catheterization, angio- 
cardiography should also be performed for this will confirm the diagnosis and 
additional narrowings may thus be detected. 

All patients in this series had elevated systolic pressures in the right ventricle. 
The pressures were higher in cases with combined lesions than in the patients with 
isolated supravalvular stenoses. The pressure gradients over the stenotic areas 
were recorded in only 3 patients (Cases 9, 10 and 11). In the 3 patients that 
had associated pulmonary valvular stenosis, the main pulmonary artery was 
catheterized in only one patient (Case 4), and the pressure was significantly 
inreased in the main pulmonary artery in spite of the pulmonary valvular stenosis. 


). Angiocardiography. Angiocardiography is the best method for demon- 
str iting peripheral pulmonary stenoses. The use of a selective injection of con- 
trest medium in the pulmonary artery or right ventricle is preferable to a 
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venous angiocardiogram. When the venous injection method is used, par , 


of the pulmonary arteries are often hidden by contrast media in the right hea : 
and systemic veins, but the selective angiocardiogram shows the details of t! » 


pulmonary arteries. The diagnosis of the pulmonary stenoses of the cent: 
types (II, III, and IV) offers little difficulty as it can usually be seen both 


~ 


the anteroposterior and lateral projections. The peripheral stenoses, howev . 
are sometimes difficult to detect even on a good standard angiocardiograi . 


This is due to the fact that the stenoses, which sometimes are of very th 
diaphragmatic type, may not be located either in the anteroposterior or late: 
planes. This means that the pre- and poststenotic segments are superimpos: 


in both projections and thus hiding the stenoses. In this type of stenosis t! « 


significant sign is the poststenotic dilatation; i. e., the pulmonary arteries a 
wider in the mid parts of the lungs than centrally, as demonstrated by Fig. 
in Cases 4 and 7, where the spindle-shaped poststenotic dilatations of the pi 


monary vessels are, as a matter of fact, in several arteries the only sign of stenos... 


The catheterization data gives clues as to concomitant heart lesions. A le! 
to-right shunt is detected by the oxygen saturation measurements and a valvul. 
pulmonary stenosis is shown by a systolic gradient over the valves. Such findin: 
govern the site of the contrast injection. If a ventricular septal defect or pu! 


monary valvular stenosis is suspected, the injection should be performed 


n 


the right ventricle. If the pulmonary stenoses seem to be isolated or combined 
with a left heart malformation, e. g. aortic stenosis, the injection is preferably 
made into the main pulmonary artery so that the lower lobe arteries on tlic 


left lung are not obscured by contrast in the right ventricle. 


Discussion 


Etiology. Arvipsson et coll. (1) described two cases in the same family, mother 
and son, with multiple peripheral stenoses of the pulmonary arteries. In 1957, 
VaN Epps (21) reported two brothers with pulmonary hypertension who both 
had stenoses in the peripheral pulmonary arteries. The present material in- 
cludes three siblings with multiple stenoses of the pulmonary arteries. Thus 
there seems to be a familial factor in this disease. Familial incidence of con- 
genital heart disease has been reported earlier (10, 23). 

Two cases have been reported earlier in which the mother had rubella during 
pregnancy, one by GyLLENswArp et coll. (9) and one by Wit.iams, Lance 
and Hecur (25). In the present material there are three cases in which ‘he 
mother had rubella during the first trimester. Thus, 5 out of the 52 cases 
reported in the literature have been associated with maternal rubella. Th. re 
are numerous reports on the occurrence of congenital heart disease, especi: ly 
patent ductus arteriosus, following maternal rubella (2, 15, 19, 24). 

There is strong evidence that multiple peripheral stenoses are congen ‘al 


malformations and not acquired defects as a result of a disease such as mult dle 
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) ecanalized pulmonary emboli and therefore should not be classified as primary 
; ulmonary hypertension as advocated by VAN Epps, 


The ceniral pulmonary arteries. The cross-sectional areas of the central pul- 
1 10nary vessels and aorta are given in the Case reports. The area of the ascending 
< orta is given as a measure of the size of the patients. Normally, the ascending 
<orta has about the same cross-sectional area as the main pulmonary artery. 
..s can be seen from the figures the cross-sectional areas of the central pul- 
110nary arteries were often considerably reduced. The right pulmonary artery 
\ as considerably narrowed in five patients (Cases 1, 4, 5, 7, 10) and the left 
1 arrowed in five patients (Cases 4, 6, 7, 8, 10). One of the patients (Case 10) 
lad the classical features of coarctation of the pulmonary artery. The main pul- 
rionary artery had a considerably reduced cross-section area in Case 7 (see 
lig. 3) due to a diaphragmatic supravalvular stenosis (type III). The compari- 
son between the areas of the aorta and main pulmonary artery is evidently of 
limited value in cases with pulmonary valvular stenosis because of the associated 
poststenotic dilatation of the main pulmonary artery. Generally, it can be 
siated that the central pulmonary arteries have a reduced cross-sectional area 
in cases of multiple pulmonary peripheral stenoses. In the present material 
there is an equal frequency of right- and left-sided central narrowings, but 
Lvan et coll. (12) claims that right-sided lesions are more common. 


Pulmonary hypertension. Pulmonary hypertension is present in all cases of 
multiple peripheral pulmonary stenoses and pulmonary coarctation reported 
except for cases with concomitant pulmonary valvular stenosis. The hyper- 
tension in the lesser circulation might be explained by mechanical obstruction 
of the pulmonary flow as in valvular pulmonary stenosis. The degree of 
pulmonary hypertension seems to be related to the degree of peripheral stenosis 
in the pulmonary arteries. However, FALKENBACH et coll. (6) in an excellent survey 
of the malformation presented evidence that the effect of the stenosis is not only 
a mechanical one, but there also must exist another factor producing pulmonary 
hypertension. The above mentioned authors produced partial obstruction of 
the left pulmonary artery in puppies and found persistently elevated right 
ventricular pressure up to one year after the ligation. This is not the case when 
a pulmonary artery is totally occluded. The authors discuss a Goldblatt effect 
of the lungs and say that ‘it appears to be related to pulmonary ischemia’. This 
is a very interesting observation which, however, needs further study. 


Conclusions 


Multiple peripheral pulmonary stenoses is a congenital anomaly which may 
be isolated or combined with any other intra- or extracardiac anomaly. A 
sa isfactory embryologic explanation of malformation is lacking. 
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The clinical findings are generally inconclusive in the isolated cases. Usual - 
there is a systolic or continuous murmur best heard at the base and the murm: - 
is widely transmitted to the axilla and back. The auscultatory findings mz 
simulate aortic valvular stenosis when the murmur is loudest at the right bas 
and a continuous murmur may mimic that of a patent ductus arteriosus. Th 
congenital malformation can be diagnosed by cardiac catheterization in cor 
bination with selective angiocardiography. If only catheterization is perform« - 
the multiple peripheral stenoses may mistakenly be diagnosed as prima 
pulmonary hypertension, but selective angiocardiography will establish tl 
correct diagnosis. 

No treatment is available for the multiple peripheral stenoses but surgic 
correction has been performed in cases with central stenoses (20). The prognos s 
is unknown, but probably depends upon the severity of the stenoses and tl ¢ 
presence of associated lesions. Additional defects compound the severity of tl ¢ 
clinical condition, as was demonstrated in the two patients who died, one had 
aortic stenosis and the other a ventricular septal defect and a patent ductis 
arteriosus. Correction of associated lesions may definitely improve the prognosi;, 
as was demonstrated by the patient in Case 5 who was in severe failure until a 
patent ductus arteriosus was ligated. 


< 


> 
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SUMMARY 


Eleven patients with supravalvular pulmonary stenoses are presented, all diagnosed by 
selective angiocardiography. Five had no demonstrable heart anomaly. Four different types of 
stenoses were distinguished: single or multiple stenoses of the lobar branches of the pulmonary 
artery; stenosis at the bifurcation of the pulmonary trunk; membranous stenosis immediately 
distal to the pulmonary valve; stenosis or generally diminished cross-sectional area of the right 
and/or left pulmonary artery. Three of the patients were siblings, and in three the mother had 
rubella during the first trimester. 


ZUSAMMENFASSUNG 


Die Verfasser prasentieren 11 Patienten mit supravalvularen Pulmonalisstenosen, welche 
alle mit der selektiven Angiokardiographie diagnostiziert worden sind. Fiinf hatten keine 
nachweisbare Herzanomalie. Es wurden 4 verschiedene Typen der Stenose unterschieden: 
singulare oder multiple Stenosen der lobaren Aste der Arteria pulmonalis, eine Stenose bei 
der Bifurkation der Lungenschlagader, eine membranése Stenose unmittelbar distal cer 
Pulmonalisklappe, eine Stenose oder generelle Querschnittsverengerung der rechten und/ 
oder der linken Arteria pulmonalis. Drei Patienten waren Geschwister und bei drei anderen 
hatte die Mutter Rubeola wahrend des ersten Drittels der Graviditat. 


RESUME 


Les auteurs présentent onze cas de sténoses pulmonaires supravalvulaires, tous diagnostiq) és 
par angiocardiographie sélective. Cing d’entre eux ne présentaient pas d’anomalie cardiac ue 
décelable. Les auteurs distinguent quatre types différents de sténoses: sténoses unique 0u 
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nultiples des branches lobaires de l’artére pulmonaire; sténose 4 la bifurcation du tronc 
yulmonaire; sténose membraneuse immédiatement en aval de la valvule pulmonaire; sténose 
vu diminution de calibre généralisée d’une ou des deux artéres pulmonaires droite et gauche. 
“rois de ces malades étaient fréres ou sceurs et la mére de trois autres avait eu une rubéole au 
ours du premier trimestre de sa grossesse. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTORS: ERIK DE FINE LICHT AND OLAF 
PETERSEN), COPENHAGEN COUNTY HOSPITAL, GENTOFTE, COPENHAGEN, DENMARK, 


SINEROENTGENOGRAPHY IN DUODENAL OBSTRUCTION 


by 


Erik de Fine Licut 


The symptoms and clinical signs of duodenal obstruction are usually vague 
although loss of weight and in extreme cases emaciation may occur. Much 
interest was taken in duodenal obstruction in the nineteen twenties but as 
operation for the condition appeared to have been performed indiscriminately 
upon roentgenologic findings of dilatation of the duodenum the results were 
in consequence poor. Increasingly less notice was then taken of the condition 
and in modern textbooks of roentgenology it is hardly mentioned at all. 

My attention was drawn in 1951 to a case of arteriomesenteric obstruction 
reported by Romacosa & MeEnviLLE; I had for some years been collecting 
roentgenograms similar to those presented by these authors. In a paper in 1956 
I stated that connective tissue bands, caused by congenital malrotation without 
displacement of the bowel, were probably present in a number of our cases. 
This view was supported by the common finding of a high caecum. I also stated 
that in a number of cases of roentgenologically confirmed duodenal ulceration 
changes in the distal part of the duodenum similar to those occurring in low- 
seated duodenal obstruction were apparent; the cause of these changes was 
not obvious. 

Statis and dilatation of the entire duodenum accompanied by violent, 
kneading peristalsis are evident in obstruction in its distal parts. The duodenal 
contents undulate to and fro for up to 20 to 30 min before proceeding further, 
and in my first paper (3) I wrongly interpreted this as representing antiperi- 
stilsis. At times, the duodenal contents are pressed by the peristaltic waves 
tcwards the site of obstruction, and then the peristalsis suddenly ceases ; ordinary 
fl 1oroscopy may suggest this relaxation to be in the nature of an antiperistaltic 
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Fig. 1. Duodenal ulceration with dilatation of Fig. 2. Arterio-mesenterial obstruction (confirmed 
lower part of duodenum. by operation). 


wave but an image intensifier and cineroentgenography have shown this not 
to be the case. Normally not more than one contraction occurs in 10 seconds, 
but in obstruction four contractions may be observed in the same period. 
(Antiperistalsis in the form of cogwheel movements running forwards and back- 
wards along the edges of the duodenum is frequently observed in normal 
subjects.) 

According to FiscHer the maximum width of the duodenal bulb at the base 
is 3.5 cm, with an average of 3 cm; its height is generally 3 cm and never 
exceeds 4 cm. The duodenum like the jejunum normally has a diameter of 2 cin. 
Retention of the barium emulsion in the stomach for more than 4 hours is 
commonly observed in cases of duodenal obstruction. This applies particularly 
in ambulatory patients. If the patient has been in bed and on a light diet for 
some days prior to the examination there is a risk that the condition may have 
improved by rest and the severity of the condition may be masked. We hae 
in the past 3 years used cineroentgenography for the examination of th«se 
patients. 


The film, Kodak Fluoradak 35 mm (green sensitive), in 25 m lengths, is inserted int a 
specially built Arriflex camera fitted to a 5” Philips intensifier and exposed under fluorosco »ic 
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<ontrol. The luminous flux is measured during the entire exposure with a special apparatus 

Philips). The film is developed in ordinary roentgen developer and viewed in Arno’s Roentgen 
(ine-projector R. G. 35; the negatives need not be turned into positives, and the film may be 
| ut through the projector as often as desired. The skin dose (about 20 mA at 90 to 120 kV) 
{or a film of 25 metres length is about half that received in a routine examination of the stom- 
ech. Field size about 13 « 13 cm. Half the film is taken in the erect position p. a., and the 
cther half a. p. with the patient prone. 


Fifteen patients had not been referred for operation within 6 months of the 
{rst roentgen examination. There was no doubt that the obstruction was not 
cf a mechanical nature in all the five oldest of these patients. These were not 
examined by cineroentgenography and the original findings were documented 
ty ordinary roentgenography. These cases were primarily classified as uncer- 
tuin as far as surgical indication was concerned, and all 5 made a clinical 
recovery. Out of the 10 patients in whom the diagnosis at the first examination 
was based on cineroentgenography, one refused to be examined again; her 
cinical condition was unchanged. Two patients were unable to attend. The 
remaining 7 were roentgenologically unchanged or worse, and 3 were operated 
upon and the roentgenologic findings confirmed. Cineroentgenography thus 
appears to constitute a dependable method of examination. Control examina- 
tions have shown the changes to be constant. In the majority of patients the 
symptoms have persisted and only a few have been relieved by conservative 
treatment. 

Operation has been performed in 21 cases. The follow-up period is not long, 
and one recurrence at the end of 5 years indicates that it is still too early to be 
certain of the duration of the results of operation. Bands, fibrous adhesions, 
and abnormal dilatations of the duodenum have been found at operation and 
in the great majority of cases, the operator interpreted the changes as being due 
to congenital malrotation. Only a few patients had adhesions of a different 
nature, e. g. following cholecystitis and, in one case, previous operation. 

Roentgen examination alone can hardly decide the nature of the obstruction. 
If the obstruction is high in the duodenum, it may be due to an annular pan- 
creas; we have seen two cases of this category which were published elsewhere (4). 
Obstruction caused by fixation due to malrotation is usually low-seated but has 
occasionally been encountered at a high level. Two patients had nervous 
anorexia. One of them has been well for 6 years after operation and the other 
for more than 6 months. The possibility of duodenal obstruction should be 
borne in mind in this condition. ScHERMULY published cases in which the 
ob:truction was due to nodal enlargement of an unknown nature but we have 
no’ encountered this condition. 

“he difficulties in distinguishing true obstruction from dilatation due to 
du denal ulcer have been mentioned. Manifestations at the distal part of the 


duidenum are usually far less marked in ulceration than those seen in true 
obstruction. 
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Fig. 3. Fixation anomaly (confirmed by operation). Sequence of films obtained during an 
exposure time of 3 seconds. 
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Fig. 4. Functional disorder in a case which appeared normal half a year later. Sequence 
of films obtained during an exposure time of 2.5 seconds. 
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An ‘enlarged duodenum’ may be found in abnormalities other than duo 
denal ulceration. Such conditions have been reported by many authors 
REBOULE, DELoRME, Boyssou & CouLon grouped the causes of a dilatex 
duodenum as follows: 

1. Reflex phenomena due to conditions in the vicinity of the duodenal bulb 
(a) gastrobulboduodenal lesions including duodenal ulcer, (b) operations 0), 
the stomach, and c) inflammatory lesions of the gallbladder, pancreas, o° 
appendix. 

2. Remote causes, such as brain tumours, nervous anorexia, and toxi: 
conditions. 

FiscHER (1960) expressed similar views and also accepted the conception cf 
true mechanical obstruction. According to the French authors mechanic: | 
obstruction is distinguished by a far more ‘brutal’ appearance than non- 
mechanical changes which they call ‘functional’ phenomena, an opinion [ 
share. The difficulty in distinguishing roentgenologically between ‘functiona’’ 
conditions and mechanical obstructions is most marked in the dilatation due 
to duodenal ulcer. Our series abounds in functional findings which, as stated 
by the French authors, lacked the ‘brutality’ in appearance which would be 
expected if the stenosis were real, but in duodenal ulceration the appearanccs 
may at times be such that it is difficult to eliminate the possibility of mechanical 
obstruction. 

It may be that functional states and dilatation due to duodenal ulceration 
were not recognised as separate entities in the nineteen twenties and then 
were therefore both treated by operation. 

After the demonstration of a presumably mechanical obstruction, we usually 
try conservative treatment. If, at the end of 3 months, the roentgen appearancvs 
are unchanged and the symptoms persist and are severe, we advise operation. 

Anomalies of the small intestine due to malrotation other than duodenal di- 
latation are of course often encountered but my reasons for collecting the latter 
into a special group are that they are particularly accessible to roentgenologic 
examination. It must be stressed that an examination of the ‘stomach and 
duodenum’ is not complete until the whole of the duodenum as well as tlic 
proximal part of the jejunum, where ‘functional’ phenomena are apt to occur, 
have been carefully examined. 

Of the 21 cases subjected to operation, 15 recovered, 2 improved, 2 remained 
unchanged, and 2 have been lost to follow-up. In 11 cases the operation con- 
sisted merely in freeing the adhesions while more radical measures were adoptcd 
in the remaining 10 cases. 

The condition appears to be more common in females than in males; in tl is 
material 14 were females and 7 males. To these may be added our 2 cases, in 
women, of annular pancreas which do not belong to those of fixation due ‘o 
malrotation but have to be included among the obstructions. These cases ha /e 
already been published by Rassg. It is difficult to state definitely the incider *e 
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of fixation anomalies. Goin and WILK assume it to be 5 in | 500 roentgen 
examinations of the stomach and duodenum, which is probably about right. 
‘Functional’ dilatation and dilatation due to duodenal ulceration are much 
more common. 


SUMMARY 


The author reports a controlled series of 21 cases of duodenal obstruction. Duodenal ulcera- 
ion may sometimes be associated with duodenal changes similar to those seen in mechanical 
»bstruction but usually less marked. The differences between mechanical obstruction and 
functional’ dilatation are described. The value of cineroentgenography is stressed. 


ZUSAMMENFASSUNG 


Der Verfasser berichtet iber eine Untersuchung von 21 Fallen mit Obstruktion des Zwolf- 
ingerdarmes. Duodenalulzeration kann manchmal mit Duodenalveranderungen verbunden 
ein, die denen ahneln, welche bei mechanischer Obstruktion vorliegen, jedoch gewohnlich 
weniger markiert. Die Unterschiede zwischen mechanische Obstruktion and ,,funktionelle* 
Dilatation werden beschrieben. Der Wert der Kinoréntgenographie wird betont. 


RESUME 


L’auteur présente une série de 21 cas contrélés d’occlusion du duodénum. L’ulcération 
duodénale peut parfois étre accompagnée de modifications duodénales semblables a celles que 
lon observe dans l’occlusion mécanique, mais habituellement moins marquées. L’auteur 
décrit les différences entre occlusion mécanique et la dilatation ‘functionnelle”’. I] souligne 
lintérét de la cinéradiographie. 
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BOOK REVIEWS 


KuiniscHE NEURORADIOLOGIE. Herausgegeben von K. Decker. 507 Seiten und 550 Abbil- 
dungen. Georg Thieme, Stuttgart 1960. Price DM 230. 


Some ten to fifteen years ago there was urgent need for good textbooks on modern neuro- 
radiology. This void has been largely filled in the past decade by works covering particulai 
methods of examination and by others covering the whole field (e. g. in ‘Lehrbuch der Rént- 
genologie’ by Schinz and in ‘Handbuch der Neurochirurgie’ by T6nnis and Olivecrona). 

The book now reviewed has a slightly different approach as indicated by the word ‘klinische 
in the title. This is reflected by a tendency to correlate the roentgenologic findings to the clinica! 
signs rather than to the underlying lesion. Fischgold and Metzger in their chapter on the indi- 
cations for a special examination of the skull deal mainly with certain clinical syndromes 
They discuss, for example, sign complexes caused by lesions in the pontine angle, the apex o! 
the pyramid or the orbital fissure. The differential diagnosis and the pathology of the lesions 
are only briefly mentioned. 

A few words should be said about the illustrations. In textbooks especially, it is importan: 
of course that all the typical changes are represented and that the illustrations are clear and 
convincing. This cannot be said of many of those in the chapter mentioned. Even with 
appreciable experience in neuroradiology the reviewer must confess that he is unable to 
be convinced by several of the appearances described. In some cases doubt even arises as to 
whether the author’s interpretations are correct. This is especially true of some of the single 
tomograms; many are taken in an oblique projection and are of rather an inferior quality. 
Without having the whole series of films available it is difficult to repudiate the conclusions 
drawn but some of the legends, at any rate, cause misgivings. It is often not clear whether 
the diagnosis was confirmed at operation or autopsy. In fig. 7, for example, an a. p. (or p. 
a.) tomogram of a patient with ‘‘olfactory meningioma from the anterior part of the falx”’ is 
compared to a normal a. p. (or p. a.) view. The floor of the anterior fossa is said to be 
depressed, although in this region and with this projection this is often a normal appearance. 
The patient is said to have had no anosmia, which is hard taunderstand if the floor of the 
anterior fossa were depressed. Several other examples of statements that might cause misunder- 
standing could be mentioned. 

The clinical approach to the problem may sometimes prove advantageous as in thc 
well written chapter by Decker on traumatic diseases. 

McRae, in his chapter on epileptic fits, gives some interesting viewpoints based on the large 
material from the neurologic institute in Montreal. The main part of this chapter deals wit 
asymmetry of the skull following injury of the brain tissue, especially if this has occurred «t 
birth or during early childhood. Some of the illustrations used and the conclusions drawn ai ¢ 
again not altogether convincing. With reference to Fig. 200, for example, a passage read: 
“With the technique used for the examination of the temporal horns no change of their siz, 
form or position can be seen in spite of a large cyst in the left temporal lobe.”’ As the tempor ‘1 
horns are incompletely filled in the lateral view with a vertical beam direction and as the e 
are no a. p. views the examination was incomplete and therefore of limited value only. 

‘Taveras’ contribution dealing with neuroradiologic examinations in children, and the cha )- 
ter on radiologic problems in stereotaxic operations by Schunk and Mark, are both clea y 


written and supply a long felt want. Parts of the chapter dealing with disk degeneration — 
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-adiologic and clinical problems — on the other hand are more likely to confuse than to 
clarify the matter. The technique recommended is at times unorthodox. ‘The author uses 24 
30 films for the cervical spine and 35 x 42 cm films for the thoracic spine; furthermore, ‘“‘over- 
-xposed”’ films are recommended. Stereoscopic views are preferred to oblique views for the 
tudy of the intervertebral foramina. That oblique views in the myelographic examination of 
umbar disks are valuable is not even mentioned; this may explain the author’s somewhat 
urprising statement that herniations between L5 and SI seldom cause indentations in the 
ubarachnoidal space. 

The main part of the book is written by Decker himself. He carefully describes the technique 
of the various contrast methods and discusses the indications and the hazards. One chapter is 
levoted to vascular diseases of the brain and in another he gives a detailed description of the 
‘hanges caused by brain tumours and related lesions. All the chapters written by Decker are 
f great interest. Appreciation of the text is greatly facilitated by numerous illustrations, 
nost of which are reproductions of roentgen films apparently from the author’s very extensive 
naterial; generally speaking they are of a good quality, as well as being most instructive. 
some objections to the author’s conclusions and statements may be raised: he seems to be of 
he opinion that in cerebral angiography a very low common carotid puncture must be per- 
iormed in those cases in which the artery bifurcates early, in order to obtain a good filling 
of the intracerebral vessels. It would appear to the reviewer that separate injections into the 
internal carotid artery and, if necessary, the external carotid artery, are much to be preferred 
in all cases. Ventriculography with Myodil is recommended in cases in which the third and 
fourth ventricle are not clearly demonstrated by gas. The reviewer feels that even small changes 
should be demonstrable with gas if the technique is correct and executed carefully. A typical 
film of a tentorial meningeoma supplied by a meningeal vessel arising from the internal 
carotid artery is illustrated in Fig. 287c. Unfortunately this case is described as one of a 
meningeoma of the lateral ventricle; according to a personal communication this error is being 
corrected in part of the edition. 

In the chapter ‘Neuropsykiatrische Erkrankungen’ various types of brain atrophy and 
congenital malformation are described as well as syringomyelia, parasitic infestations. neu- 
rofibromatosis, sarcoidosis and several other lesions. A review of intracranial calcifications is 
also included in this chapter. 

Ophthalmologists and otologists semetimes need the help of the neuroradiologist. A special 
chapter by Decker and Metzger deals with the problems which may arise. Decker together 
with Wiedenmann has also written two chapters on lesions of the spine and spinal canal. ‘They 
seem to employ mainly positive contrast media for the myelographic examination but in some 
of the illustrations gas is used as the contrast medium. Many of the latter are not as clear as 
one would like but, admittedly, it is more difficult to obtain good reproductions of gas myelo- 
grams than of positive contrast studies. 

To summarize it may be said that the quality of this book is somewhat uneven — as is often 
the case when a publication is made up of contributions from several authors. Some chapters 
are of great interest and can be warmly recommended both as an introduction to the subject 
and for those who want to extend their knowledge in neuroradiology. Unfortunately parts of 
the book are only of limited value and should be accepted with some reserve. 

I, Wickbom 
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CARDIOANGIOGRAPHIC STUDIES OF THE MITRAL AND AORTIC VALVES. By S. R. Kjellberg, B. Nor- 
denstrém, U. Rudhe, V. O. Bjérk and G. Malmstrém. 85 pages and 45 figures. Acta radiol. 
(1961) Suppl. No. 204. Price Sw. Kr. 30. 


A fairly accurate diagnosis of the nature of the defect in certain valvular heart diseases may 
be obtained from the history, clinical examination, and ordinary roentgen examination of the 
heart and lungs. Classic stenosis of the mitral valve is a case in point. In many cases, however. 
the valvular lesion is combined with mitral insufficiency and changes in the aortic valves and 
even if the examinations are supplemented with pressure measurements in the aorta and th« 
left ventricle and atrium, it is often difficult to reach any definite decision as to the relative 
significance of the stenosis and insufficiency components in the mitral and aortic valves. Valu- 
able information regarding the various components may, however, be gained through the in- 
jection of contrast medium into the ascending aorta and the left ventricle and atrium. Injec- 
tion of a contrast medium into a site close to the valvular apparatus to be investigated is 
furthermore, usually the only method by which details regarding the anatomy of the mitra 
and aortic valves may be obtained. From the surgeon’s viewpoint, it is of the greatest import- 
ance to have as clear a picture as possible of the condition of the valves when an operation is 
to be undertaken to improve their function. When contrast medium is to be injected into th 
left atrium a catheter can sometimes be inserted through a patent foramen ovale; if this aperture 
is not available, the atrium must be punctured. For selective contrast injection into the lefi 
ventricle, a catheter can be inserted in a retrograde direction from a peripheral artery to th 
ventricle; another method is to inject the medium through a needle which has been introduced 
into the left ventricle transthoracically. Retrograde catheterization may be used for injection 
of the contrast medium into the left ventricle in most of the cases with normal conditions in 
the aortic valve; when aortic stenosis is present, however, it is not always possible to carry out 
this procedure. In the investigation under review, the authors performed cardioangiographies 
in +1 cases with injection of the contrast medium into the left atrium and in 34 cases with in- 
jection into the left ventricle after transthoracic puncture of the atrium and ventricle. 
The possibility of studying the insufficiency component in the aortic valve by introducing con- 
trast medium through a catheter into the ascending aorta is also illustrated in a few cases. 
Following a description of important features in the normal morphology of the left atrium 
and ventricle the anatomic appearance and normal action of the aortic and mitral valves are 
illustrated. The chief aim of the investigation, however, was to study the changes in the atrium 
and ventricle as well as those seen in the aortic and mitral valves, when pathologic conditions 
are present in the cusps. The dome-formation of the valves in stenosis, the size of the con- 
stricted orifices, and the thickness and mobility of the valves were studied, and an attempt 
was made to assess the degree of insufficiency in the cusps. There were two cases of pure mitra! 
valve insufficiency in the material, and the roentgen appearances in these were typical. The 
material also contained cases of subvalvular aortic stenosis, combined pulmonary and aorti: 
stenosis, and a combined mitral and aortic defect. The contrast medium should be injecte: 
into the ascending aorta above the aortic valves for the investigation of the insufficiency com- 
ponent in the aorta. The technique both for puncture with injection of the medium into the 
left atrium and into the left ventricle, and for retrograde catheterization of the aorta is described. 
The indications for the various examinations, as well as the hazards and complications cor- 
nected with them, are also discussed. 
Autorevie’ 
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LES CHONDRODYSTROPHIES GENOTYPIQUES. Par Maurice Lamy et Pierre Maroteaux. 120 pages. 
100 illustrations. L’Expansion Scientifique Frangaise, Paris 1960. Price NF 10. 


Hereditary bone diseases present many problems in roentgen diagnosis. A classification of 
the different clinical forms is extremely difficult, and although several investigators, including 
Wiedeman, Grebe, and the authors of the book under review, have endeavoured for the 
past two decades to solve the problem, complete success has not yet been reached. To use the 
genetic aspect as a starting point is not possible because of the existence of highly similar 
disease forms which in one case may be inherited recessively and in another predominantly. 
At the same time, a classification based on roentgen findings or on pathologic or histologic 
observations may be misleading owing to the fact that the general mode of reaction of the 
skeleton may be the same in diseases with entirely different origins. Furthermore, occupation 
and environment may cause considerable modifications of the syndrome in a disease of one 
and the same basic genetic origin. 

The book under review gives an excellent account of the mode of inheritance and the clini- 
cal, roentgenologic and pathologic features in nine different conditions of the chondro- 
dystrophy type. Multiple cartilaginous exostosis and dyschondroplasia (Ollier’s disease) have 
also been counted as belonging to this disease type. If these conditions are included among 
the chondrodystrophies, it would seem equally logical to place other states, not treated in the 
book, in the same category. However, this is a matter of the scope of a work and constitutes 
a problem as difficult as that of classification. 

The subject is presented in the clear, concise language of current French scientific litera- 
ture. The authors’ descriptions are of great value for those who wish to gain further informa- 
tion in this difficult field. The list of synonyms on page 13 is a welcome feature in a book on 
a subject with a terminology confused by unnecessary names of persons and ambiguous or 
misleading disease concepts. 

Those investigators who encounter in their practice disease types discussed in the book 
will probably find that their cases constitute intermediate forms, or other variants of the 
authors’ types. This does not detract from the value of the work, which is warmly recom- 
mended to orthopaedists and radiologists interested in the skeleton. 


S. Ribbing 


ILEUS-KLINIK, RADIOLOGIE UND THERAPIE. Herausgegeben von R. Nissen und E. Hafter. 114 
Seiten und 43 Abbildungen. Biblioteca Gastroenterologica, fasc. 3. S. Karger, Basel/ New 
York 1961. Price: sFr. 22.— 


An interesting booklet of the proceedings of a symposium on intestinal obstruction which 
iook place in Zurich in 1960 but containing nothing of particular roentgenologic interest. 
J. Frimann-Dahl 
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LYMPHANGIOGRAPHIE UND LYMPHADENOGRAPHIE DER EXxTREMITATEN. Von Fritz Kaindl, 
Eva Mannheimer, Lilly Pfleger-Schwartz und Bruno Thurnher. 71 Seiten und 112 
Abbildungen. Georg Thieme, Stuttgart 1960. Price DM 39. 


In 1952 KinmonTH introduced his technique for injection of contrast medium directly into 
the lymph vessels, since when the procedure has been widely used in the investigation of the 
anatomy, pathology and physiology of the lymphatics. The present authors were among the 
first to apply the method successfully, and this monograph is a survey of their experience. It 
appears that the development in this field is still in its teething stage and the present publica- 
tion may be somewhat premature. However, since this field is new and fascinating, the book is 
valuable not only to those especially interested in the subject but also to those who wish to 
form a general opinion of our present knowledge in the field. 

The concise surveys, beautiful illustrations and excellent design of the book make its con- 
tents easy to digest. The opening chapter gives a historical review and a brief description 
of the gross anatomy of the lymph system. This is followed by a detailed presentation of the 
histology of the lymphatics, and is valuable because of the few comprehensive surveys availa- 
ble of the histology of the lymphatics in man. Microscopic changes in conditions of disease ar¢ 
described and are evidently based on a large material. It is interesting to note that the authors 
make a distinction between lymphangitis obliterans and other hypoplastic primary lymph- 
angiopathies. Apart from this they adopt Kinmonth’s classification of diseases of the lym- 
phatics. The frequencies of the various types are not given. Secondary lymphatic diseases ar 
discussed and the changes, often severe, in chronic venous lesions of the legs are described. 

Diseases of the lymph vessels occupy the major part of the book, and it is only too evident 
that our methods of diagnosis are still far from perfect. The difficulties are mainly due to imper- 
fections of the contrast media, a more detailed discussion of which would have been an advan 
tage. 

The authors give a very detailed list of references, which increases the value of the mono- 
graph. 


Sven Johansson 


THE SPECTRA OF X-RAYS SCATTERED IN LOW ATOMIG NUMBER MATERIALS. By W. R. Bruce and 
H. E. Johns. 57 pages, 18 iltustrations and 8 tables. British Journal of Radiology. Supple- 
ment No. 9. London 1960. Price 12sh 6d. 


This book describes analytic and Monte Carlo methods in which a punched card com- 
puter was employed for calculating the spectral composition of scattered roentgen radiation 
in a low atomic number scatterer. The results are presented in a number of graphs and tables 
which show central axis data for primary radiations of 50 to 1 250 keV for a pure Compton 
scatterer, water, and aluminium, all for an infinite field area. In the case of water the results 
are also given for field sizes from 25 to 400 cm?. Apart from spectral data, information is given 
which permits the calculation of depth doses and back-scatter factors. The results are com- 
pared with experimental data and theoretical results obtained by other methods and goo! 
agreement is found. Although this book is unlikely to have a wide appeal, there are man 
workers who will find it of great value. 

Sven Benner 
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RADIATION PROTECTION AND RECOVERY. Ed. by Alexander Hollaender. 392 pages, 55 illustra- 
tions and 22 tables. Pergamon Press, Oxford 1960. Price 70 sh. 


The question of spontaneous recovery from radiation damage and the possibilities of arti- 
ficially alleviating or completely preventing such damage have in recent years attracted much 
theoretical and practical interest. The present book, edited by a leading authority in this field 
and written by a number of specialists on the different aspects of the matter, is therefore wel- 
come. 

After an introduction by the editor, P. Alexander writes on the protection of macromole- 
cules in vitro, D. G. Doherty on chemical protection of mammals and G. E. Stapleton 
on protection and recovery in bacteria and fungi, while Anna R. Whiting discusses the 
corresponding effects in cells in general. S. Wolff deals with chromosome aberrations, D. 
Davidson with the mechanisms of protection and recovery in seeds and roots, and A. D. Conger 
writes on genetic protection. A chapter by L. H. Smith and C. C. Congdon on treatment of 
acute whole-body radiation injury in mammals is mainly devoted to transplantation of hemato- 
poietic tissue and its clinical applications. T. T. Odell, Jr., G. E. Cosgrove, and A. C. Upton 
write on the modification of late somatic effects, and T. Makinodan and N. Gengozian discuss 
the radiation effect on antibody formation. The last chapter by J. Jagger on photoreactivation 
is the only one which specially deals with the effects of short-wave ultraviolet light, many of 
which can be reduced or nullified by subsequent irradiation with light of a longer wavelength. 

The book gives a detailed account of the state of science in the various parts of the subject 
and contains a total of 1 548 references. It provides no easy reading to those without some pre- 
vious knowledge in the field but to those active in it the book should prove most useful. 

Sven Benner 


LA RADIOCULOGRAPHIE LOMBAIRE DANS LA SCIATIQUE. Par J. Ecoiffier. 140 pages, 88 illustra- 
tions. Masson, Paris 1960. Price NF 40. 


Lumbar myelography with water-soluble contrast media, in spite of its undoubted ad- 
vantages, has not been generally accepted outside Scandinavia owing to certain complications 
connected with the examination. Ecoiffier, who studied radiology for a long period in Sweden, 
introduced the method in France and in the book under review describes his experiences in 
over 700 examinations. After a presentation of the anatomy, physiology, and pathology of 
the lumbar portion of the vertebral column the author describes his technique for lumbar 
myelography. Considerable space is devoted to a description of the complications as well as 
to detailed methods for avoiding them. The effects of various preparations for use in spinal 
anaesthesia and their importance for avoiding complications are, however, not discussed. 
The results of the examinations are presented, and the normal variations and roentgenologic 
appearances, especially in protrusion of an intervertebral disk, are dealt with. 

The author unfortunately does not discuss the postoperative deformations of the dural 
sac, which are, however, of great differential diagnostic significance in recurrent herniations. 

The work is well written and arranged and an analysis of the minor changes in the appearan- 
ces of the nerve root sheaths indicates that it has been presented with care and thoroughness. 
The high class roentgenographic illustrations and explanatory diagrams increase the value 
of the book, which, although it does not appear to break any new ground, can be warmly 
recommended to all those interested in the problem of sciatica. 


Stig Fagerberg 
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Diz PRAOPERATIVE RONTGENBESTRAHLUNG DES MAMMAKARZINOMS. Von E. Muntean. 108 
Seiten, 9 Abbildungen und 26 Tabellen. George Thieme, Stuttgart 1961. Price DM 17.50. 


This book reviews the development of the operative and radiologic methods used in the 
treatment of mammary cancer and the value of the different techniques, gathered from an 
obviously extensive knowledge of the literature, is reviewed and discussed. ‘The advantages and 
disadvantages of pre-operative radiation therapy with varying dose levels are considered from 
the aspects of the biologic effect on the tumour cell, the surrounding tissues, the incidence of 
recurrence, and the prognosis for the patient. Other factors of significance to the outlook, 
such as biopsy and the time interval between radiation and operation, or between operation 
and radiation, have also been studied. A special chapter is devoted to the possibility of dis- 
semination of the cancer cells through the blood and lymph systems of the mammary gland. 

The author’s own material comprised 125 operable cases; 39 of these had received radiation 
only postoperatively, 11 only pre-operatively, and 75 both pre- and postoperatively. Roentgen 
therapy was applied according to the conventional scheme (180 kV, a filter of 2 mm Cu 

1 mm Al, FSD 30 cm, daily dose 200 r/skin, total dose 1 000 to 2 000 r/skin). The radia- 
tion was administered to the breast at a tangent through two or three portals, and to the axilla 
and fossa supraclavicularis through one anterior and one posterior portal. ‘The operation was 
performed 9 to 1+ days later. 

Despite the comprehensive, in some instances tedious, recording of 880 works, the book 
gives no new viewpoints on the problems relating to the treatment of mammary cancer. A 
much larger material than that presented by this author, examined by standardized clinical 
and histologic methods and with identical operative and radiologic treatment, is required be- 
fore the value of pre-operative radiation therapy can be finally assessed. 

However, for those who are interested in these problems the book should be worth reading 
as a stimulus to further discussion and as a comprehensive source of references. 

Gustaf Notter 
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The information given therein is still valid. 


The supplements are published from time to time and are not included in the 
subscription rate. Prices and year of publication of numbers aiready issued are de- 
tailed below. 


XXIII. H. Antpom: Mucous- and salivary-gland tumours. 1935. Price Sw. Kr. 20: —. 

XXIV. E. LysHoim: Das Ventrikulogramm. I. Teil. 1937. Price Sw. Ar. 10: —. 

XXV. E. LysHoitm: Das Ventrikulogramm. II. Teil. 1937. Price Sw. Kr. 15: —. 

XXVI. E. LysHoim: Das Ventrikulogramm. III. Teil. 1935. Price Sw. Ar. 12: —. 

XXVII. H. HELtmer: Réntgenologische Beobachtungen tuber die Ossifikation der Patella. 
1935. Price Sw. Kr. 10: —. 

XXVIII. F. Knutsson: Urethrography. 1935. Price Sw. Ar. 12: —. 

XXIX. O. KAALUND-JORGENSEN: Experimental studies on a transmissible myelomatosis 
(reticulosis) in mice. 1936. Price Sw. Kr. 12: —. 

XXX. K. Linpsiom: A roentgenographic study of the vascular channels of the skull. 
1936. Price Sw. Kr. 10: —. 

XXXI. S. Gretrve: Morphologische und tierexperimentelle Studien tiber das Schleim- 
hautrelief des Magen-Darmkanals. 1936. Price Sw. Kr. 10: —. 

XXXII. H. Wutrr: Die Zuverlassigkeit der Réntgendiagnostik — besonders hinsichtlich 
des Wertes der Urographie — und die Prognose bei Nieren- und Harnleitersteinen. 1936. 
Price Sw. Kr. 15: —. = 

XXXII. J. Friwann-Dant und G. WaAALER: R6ntgenologische und pathologisch-anato- 
mische Studien iiber den tuberkulésen Primarkomplex. 1936. Price Sw. Kr. 9: —. 

XXXIV. S. Rissinc: Studien tiber hereditaére, multiple Epiphysenstérungen. 1937. Price 
Sw. Kr. 8: —. 

XXXV. A. RENANDER: Le traitement radiologique de l’actinomycose. 1937. Price Sw. Kr. 
8: —. 

XXXVI. G. J6nsson: Malignant tumors of the skeletal muscles, fascia, joint capsules, 
tendon sheaths and serous burse. 1938. Price Sw. Kr. 20: —. 

XXXVITI. B. Lirja: Displacement of the calcified lineal body in roentgen pictures as an 
aid in diagnosing intracranial tumors. An anthropometrical statistical analysis. 1939. 
Price Sw. Kr. 10: —. 

XXXVIII. King Gustaf V’s Stockholm Jubilee Clinic. 1939. Price Sw. Kr. 8: —. 

XXXIX. G. Fr. Petersen: Réntgenologische Untersuchungen iiber Arteriosklerose. 1941. 
Price Sw. Kr. 8: —. 

XL. T. Densrap: Uber die Bedeutung der Réntgenuntersuchung fiir die Kardiologie. 1941. 
Price Sw. Kr. 8: —. 

XLI. A. RENANDER: The roentgen density of the cystine calculus. 1941. Price Sw. Kr. 
15: —. 

XLII. S. WeEtin: Beitrage zur Réntgendiagnostik der Otitis media acuta und ihrer Komplika- 
tionen im Schlafenbein. 1941. Price Sw. Kr. 20: —. 

XLII. S. R. KyEttBerG: Hystero-Salpingo-Pelvigraphie. 1942. Price Sw. Kr. 15: —. 

XLIV. Cart Kress, OskAR THORDARSON and JOHANNES Harso: Experiments with mamma- 
lian sarcoma extracts in regard to cell-free transmission and induced tumor immunity. 
1942. (Out of print.) 

XLV. J. TorcEersen: The muscular build and movements of the stomach and duodenal 
bulb. 1942. Price. Sw. Kr. 15: —. 
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XLVI. TorsjOrN Caspersson and Lars Santesson: Studies on the protein metabolism 
of the epithelial tumours. 1942. Price Sw. Kr. 12: —. 

XLVII. OLLE Otsson: Die Urographie bei der Nierentuberkulose. 1943. Price Sw. Kr. 15: —. 

XLVIII. Berti. Esenius: Cancer of the lip. 1943. Price Sw. Kr. 20: —. 

XLIX: Arne G. Forssperc: Studien iiber einige biologische Wirkungen der Réntgen- und 
y-Strahlen, insbesondere am Phycomyces blakesleeanus. 1943. Price Sw. Kr. 15: —. 

L. Ervinp STOKKELAND: Radiotherapy in actinomycosis. 1943. Price Sw. Kr. 8: —. 

LI. Jens Munck NorpentortT: The value of the barium enema in the diagnosis and treat- 
ment of intussusception in children. 1943. Price Sw. Kr. 15: —. 

LII. Torrinn Denstap: The radiosensitivity of the bone marrow. 1943. Price Sw. Kr. 15: —. 

LIII. Racnar Steinert: Renal tuberculosis and roentgenologic examination. 1943. (Out 
of print.) 

LIV. Sven Huttserc: Untersuchungen iiber die Réntgennahbestrahlung. 1943. Price Sw. 
Kr. 15: —. 

LV. Macnus Stranpgvist: Studien iiber die kumulative Wirkung der Réntgenstrahlen bei 
Fraktionierung. 1944. Price Sw. Kr. 25: —. 

LVI. Arne Enceset: Cerebral angiography with perabrodil (carotis angiography). 1944. 
(Out of print.) 

LVII. Srure R6pEN: On cancer of the breast, with special reference to the results of 
different methods of treatment. 1944. Price Sw. Kr. 8: —. 

LVIII. Nis P. G. Eptinc: Urethrocystography in the male with special regard to mic- 
turition. 1945. Price Sw. Kr. 20: —. 

LIX. Benct Sytvén: Ester sulphuric acids of high molecular weight and mast cells in 
mesenchymal tumors. 1945. Price Sw. Kr. 15: —. 

LX. Sven Jonnsson: A contribution to the diagnostics of nephromata. 1946. Price Sw. Kr. 
15: —. 

LXI. Benct S. Hormcren: Inkonstante Hypopharynxdivertikel. Eine réntgenologische 
Untersuchung. 1946. Price Sw. Kr. 15: —. 

LXII. Hans-Gosta Beitrage zur Diagnostik der Paranephritiden mit besonderer 
Beriicksichtigung des Réntgenverfahrens. 1946. Price Sw. Kr. 15: —. 

LXIII. Arne Encstr6m: Quantitative micro- and histochemical elementary analysis by 
roentgen absorption spectrography. 1946. Price Sw. Kr. 10: —. 

LXIV. Axer INGELMAN-SuNDBERG: Rectal injuries following radium treatment of cancer 
of the cervix uteri. 1947. Price Sw. Kr. 10: —. 

LXV. Hans HEtimer: Intussusception in children. Diagnosis and therapy with barium 
enema. 1948. Price Sw. Kr. 15: —. 

LXVI. Ivan HeErRmopsson: On the roentgenologic appearance of osteo-arthrosis defor- 
mans in the hip joint. 1947. Price Sw. Kr. 10: —. 

LXVII. Harry Mossserc: Thrombocytopenia following local radiotherapy. 1947. Price 
Sw. Kr. 15: —. 

LXVIII. Foxe Jaconsson: Carcinoma of the tongue. 1948. Price Sw. Kr. 20: —. 

LXIX. Erik Linpcren: A pneumographic study of the temporal horn with special reference 
to tumours in the temporal region. 1948. Price Sw. Kr. 25: —. 

LXX. OLLEe Oxsson: Studies on back-flow in excretion urography. 1948. Price Sw. Kr. 
20: —. 

LXXI. K. G. Hansen: On the transmission through skin of visible and ultraviolet radia- 
tion. 1948. Price Sw. Kr. 8: —. 

LXXII. Incmar Wicxkzom: Angiography of the carotid artery. 1948. (Out of print.) 

LXXIII. H. GiapnixorF: A roentgenographic study of the mediastinum in hcalth and 
primary pulmonary carcinoma. 1948. Price Sw. Kr. 15: —. 

LXXIV. K. LinpsLom: Arthrography of the knee. A roentgenographic and anatomical 
study. 1948. Price Sw. Kr. 20: —. 
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LXXV. Sicrrip ARNELL: Myelography with water-soluble contrast. 1948. Price Sw. Kr. 
15: —. 

LXXVI. Arne NeEtson: Determination of physical factors influencing the quality of the 
radiographic image. 1949. Price Sw. Kr. 15: —. 

LXXVII. Benct A. Nourman: Cancer of the breast. A clinical study of 1,042 cases treated 
at Radiumhemmet, 1936—1941. 1949. Price Sw. Kr. 15: —. 

LXXVIII. HerMan LetssNerR: Studies on the classification of carcinoma of the uterus. 
A patho-anatomical and clinical investigation. 1950. Price Sw. Kr. 20: —. 

LXXIX. OLor Norman: Hysterography in cancer of the corpus of the uterus. 1950. Price 
Sw. Kr. 20: 

LXXX. Axe Linpsom: Arteriosclerosis and arterial thrombosis in the lower limb. A roent- 
genological study. 1950. Price Sw. Kr. 15: —. 

LXXXI. AnpErRs Sonesson: Odontogenic cysts and cystic tumours of the jaws. A roentgen- 
diagnostic and patho-anatomic study. 1950. Price Sw. Kr. 20: —. 

LXXXII. Joun Linn: Heart volume in normal infants. A roentgenological study. 1950. 
Price Sw. Kr. 15: —. 

LXXXIII. Anpreas Hover: Abdominal distension and intestinal activity following lapar- 
otomy. 1950. Price Sw. Kr. 15: —. 

LXXXIV. Otor Norman: Studies on the hepatic ducts in cholangiography. 1951. (Out of 
print.) 

LXXXV. (85). ARNE FRANTZELL: Soft tissue radiography. Technical aspects and clinical 
applications in the examination of limbs. 1951. Price Sw. Kr. 20: —. 

LXXXVI (86). InceMAR HeEssEN: Roentgen examination of pleural fluid. A study of the 
localization of free effusions, the potentialities of diagnosing minimal quantities of fluid and 
its existence under physiological conditions. 1951. Price Sw. Kr. 20: —. 

LXXXVII (87). Stic RapnER: Vertebral angiography by catheterization. A new method 
employed in 221 cases. 1951. Price Sw. Kr. 20: —. 

LXXXVIII (88). Lars LOnNERBLAD: Transit time through the small intestine. A roentgeno- 
logic study on normal variability. 1951. Price Sw. Kr. 20: —. 

LXXXIX (89). Gunnar JOnsson, BRoR BRODEN and JOHAN KARNELL: Thoracic aortography 
with special reference to its value in patent ductus arteriosus and coarctation of the aorta. 
1951. Price Sw. Kr. 30: —. 

XC (90). JEAN-PrERRE BuGnion: Lésions nouvelles du poignet. Pseudokystes nécrobiotiques. 
Kystes par herniations capsulaires. Arthrite chronique dégénérative par ostéochondrose 
marginale. 1951. Price Sw. Kr. 20: —. 

XCI (91). Jan AspLunp: The uterine cervix and isthmus under normal and pathological 
conditions. A clinical and roentgenological study. 1952. Price Sw. Kr. 20: —. 

XCII (92). Arne Linpe.t: Carcinoma of the uterine cervix. Incidence and influence of age. 
A statistical study. 1952. Price Sw. Kr. 20: —. 

XCIII (93). Erm Opesiap: Contributions to the theory and technique of quantitative auto- 
radiography with P*? with special reference to the granulosa tissue of the Graafian follicles 
in the rabbit. 1952. Price Sw. Kr. 20: —. 

XCIV (94). SvEN-OLor BratrcARD and Hoitcer Hyp&n: Mass, lipids, pentose nucleo- 
proteins and proteins determined in nerve cells by X-ray microradiography. 1952. Price 
Sw. Kr. 15: —. 

XCV (95). OtaLLo Moraes and RaGNAaR Romanus: Urethrography in the male with a 
highly viscous, water-suluble contrast medium, Umbradil-Viscous U. 1952. Price Sw. Kr. 
20: —. 

XCVI (96). SvEN-OLor BratTGARD: The importance of adequate stimulation for the chemical 
composition of retinal ganglion cells during early post-natal development. 1952. Price 
Sw. Kr. 20: —. 

XCVII (97). Lucto D1 GuGLIELMo and Mario Gutrapauro: A roentgenologic study of the 
coronary arteries in the living. 1952. Price Sw. Kr. 20: —. 
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XCVIII (98). Sicvarp Kaae: Radiotherapy in cancer of the breast. 1952. Sw. Kr. 20: —. 

XCIX (99). RotF K6OuLErR: Investigations on backflow in retrograde pyelography. A roent- 
genological and clinical study. 1953. Sw. Kr. 20: —. 

100. Gunnar Gorton: Post-irradiative prophylactic extraperitoneal lymphadenectomy in 
carcinoma of the uterine cervix. 1953. Sw. Kr. 20: —. 

101. Herman Lop: The value of tomography in examination of the intrapulmonary bronchi. 
1953. Sw. Kr. 20: —. 

102. Sven BeELLMAN: Microangiography. 1953. Sw. Kr. 20: —. 

103. INGEMAR BoxstR6m: Principles of vertebral tomography. 1953. Sw. Ar. 20: —. 

104. Francesco CasTELLANO and GiovANNi RuGGIERO: Meningiomas of the posterior fossa. 
1953. Sw. Kr. 30: —, bound 35: —. 

105. Lorentz Nitrer: Changes in the chest roentgenogram in Boeck’s sarcoid of the lungs. 
1953. Price Sw. Kr. 25: — 

106. Ture ANnpeErsson: Electrokymographic examinations in mitral valve disease. 1953. 
Price Sw. Kr. 20: —. 

107. Curt Jonanson: The central veins and deep dural sinuses of the brain. An anatomical 
and angiographic study. 1954. Price Sw. Kr. 25: —. 

108. BjORN NorbENstROM: Temporary unilateral occlusion of the pulmonary artery 1954. 
Price Sw. Kr. 30: —. 

109. Tormop Hauce: Catheter vertebral angiography. 1954. Price Sw. Kr. 30: —. 

110. Lars Bitiinc: Roentgen examination of the proximal femur end in children and adoles- 
cents. 1954. Price Sw. Kr. 25: —. 

111. Lars WinDEREN and JOHANNES ZIMMER: Cholesteatoma of the middle ear. 1954. Price 
Sw. Kr. 20: —. 

112. Gunnar MoserGeEr: Malignant transformation of squamous epithelium. 1954. Price Sw. 
Kr. 25: —. 

113. K. A. Hutrsorn: The causal relationship between benign epithelial tumors and adeno- 
carcinoma of the colon and rectum. 1954. Price Sw. Kr. 15: —. 

114. Georc-FREDRIK SALTZMAN: The conventional roentgenogram in the commonest con- 
genital malformations of the heart and great vessels in adults and juveniles. 1954. Price 
Sw. Kr. 25: —. 

115. Cart Deven: Cancer cells in urinary sediment. 1954. Price Sw. Kr. 20: —. 

116. Seventh International Congress of Radiology. The invited papers. The Radiobiology 
Symposium in Arhus and The Reports from the International Commissions. 1954. Price 
Sw. Kr. 40: —. 

117. Reports submitted to the International Commission on Radiological Units (ICRU), 
Copenhagen, July 1953. 1954. Price Sw. Kr. 25: —. 

118. Sven ULvBerc: Studies on the distribution and fate of S**-labelled benzylpenicillin in 
the body. 1954. Price Sw. Kr. 25: —. 

119. Finn Devix: A study of the local roentgen reaction on the skin of mice, with special 
reference to the vascular effects. 1955. Price Sw. Kr. 15: —. 

120. Ove Mattsson: Practical photographic problems in radiography with special reference 
to high-voltage technique. 1955. Price Sw. Kr. 30: —. 

121. Dreco Cartstrém: X-ray crystallographic studies on apatites and calcified structures. 
1955. Price Sw. Kr. 25: —. 

122. INcGMAR FERNsTROm: Arteriography of the uterine artery. Its value in the diagnosis of 
uterine fibromyoma, tubal pregnancy, adnexal tumour, and placental site localization in 
cases of intra-uterine pregnancy. 1955. Price Sw. Kr. 30: —. 

123. Kristina EKENGREN: Roentgenographic diagnosis of genital tuberculosis in the female 
and roentgenographic effects of antibiotic therapy. 1955. Price Sw. Kr. 30: —. 

124. K. A. Huttsorn, O. Moraes and R. Romanus: The so-called shelf tumour of the 
rectum. 1955. Price Sw. Kr. 20: —. 
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LIST OF SUPPLEMENTS TO ACTA RADIOLOGICA XI 
125. Bo Linpstr6m: Roentgen absorption spectrophotometry in quantitative cytochemistry. 
1955. Price Sw. Kr. 30: —. 

126. Lars-Gunnar Larsson: Studies on radioiodine treatment of thyrotoxicosis. With special 
reference to the behaviour of the radioiodine tracer tests. 1955. Price Sw. Kr. 25: —. 

127. Ovar PETERSEN: Precancerous changes of the cervical epithelium in relation to manifest 
cervical carcinoma. 1955. Price Sw. Kr. 25: —. 

128. Boyce WorTHLEY, JOHN ToozE, JOAN BRowNn and Rosert M. Fry: Dosage estimation in 
radiotherapy. 1955. Price Sw. Kr. 25: —. 

129. Grecers THOMSEN: Hiatus hernia in children. 1955. Price Sw. Kr. 25: —. 

130. Axe Gmiunp: Development of apparatus and methods for roentgen studies in haemo- 
dynamics. 1956. Price Sw. Kr. 25: —. 

131. Axe Axertunp: Gésta Forssell 1876—1950. To the memory of his life and work. 1956. 
Price Sw. Kr. 15: —. 

132. T. W. Lees: Assessing the curability of cancer. 1956. Price Sw. Kr. 20: —. 

133. Curt LAGERGREN: Biophysical investigations of urinary calculi. 1956. Price Sw. Kr. 
25: —. 

134. Ur Rupe: Electrokymography with special reference to valvular pulmonary and 
infundibular stenosis. 1956. Price Sw. Kr. 30: —. 

135. Sven Ertk ENGLUND: Observations on the migration of some labelled substances between 
the urinary bladder and the blood in the rabbit. 1956. Price Sw. Kr. 25: —. 

136. Hans IpBoHRN: Renal angiography in experimental hydronephrosis. 1956. Price Sw. 
Kr. 20: —. 

137. Viwar Backtunp: Uber die Technik der simultanen Telefilmplanigraphie. 1956. Price 
Sw. Kr. 25: —. 

138. Stic FAGERBERG: Tomographic studies on the normal and injured knee. 1956. Price 
Sw. Kr. 30: —. 

139. Tauno ManniLa: On parallax and variations in the stereoscopic image with a view to 
stereofluoroscopy. 1956. Price Sw. Kr. 25: —. 

140. Torcny Greirz: A radiologic study of the brain circulation by rapid serial angiography 
of the carotid artery. 1956. Price Sw. Kr. 30: —. 

141. Hetce Hertz and Tuomas RosENDAL: Roentgen changes in the cranium in 153 in- 
tracranial tumours in children aged 0O—15 years. 1956. Price Sw. Kr. 30: —. 

142. Torsten ANDRE: Studies on the distribution of tritium-labelled dihydrostreptomycin 
and tetracycline in the body. 1956. Price Sw. Kr. 25: —. 

143. Cart Erner Guppjerc: Bronchiectasis. Radiological diagnosis and prognosis after 
operative treatment. 1957. Price Sw. Kr. 25: —. 

144. BjGRN Westin: Experimental studies on the disappearance of radiosodium ions from 
local deposits in the cavity and in the wall of the vagina of the rat. 1957. Price 
Sw. Kr. 30: —. 

145. O. G. A. BERGGREN: Demographic studies on carcinoma of the uterine cervix in Sweden. 
1957. Price Sw. Kr. 30: —. 

146. Stic BackMAN: The proximal end of the femur. Investigations with special reference 
to the etiology of femoral neck fractures. 1957. Price Sw. Kr. 35: —. 

147. G. F. Baur: Changes in liver cell elements during stimulated protein synthesis. A cyto- 
chemical study. 1957. Price Sw. Kr. 25: —. 

148. Karit-AKe OmnELL: Quantitative roentgenologic studies on changes in mineral content of 
bone in vivo. 1957. Price Sw. Kr. 25: —. 

149. PER WestTLINGc, Kurt SUNDBERG and GUNNAR SODERBERG: Systemic reticuloendothelial 
granuloma. 1957. Price Sw. Kr. 25: —. 

150. Treatment of malignant blood diseases by radioactive phosphorus. P. I—II. IncMar 

BEeRGsTROM and Erik LinpcRen: P. I. Clinical aspects. 1957. Price Sw. Kr. 25: —. INGMAR 

BercstrOm: P. II. Hematological aspects. 1957. Price Sw. Kr. 25: —. 


t- 
n 
j 
i. bs 
a. we 
3. 
al 
4. 
ice 
10- 
yn- 
rice 
rice 4 
U), 
cial 
nce 
res. 
s of 
1 in 
the 


XIV 


LIST OF SUPPLEMENTS TO ACTA RADIOLOGICA 


151. Erik LinpGren: Radiologic examination of the brain and spinal cord. 1957. Price Sw. 
Kr. 35: —. 

152. Cart Gustav HeLanper and Axe Linpsom: Primary tumors of the pelvic bones. A 
roentgen diagnostic study of eighty-three cases. 1957. Price Sw. Kr. 25: —. 

153. Orso Kuosmanen: Uber das Vorkommen von Hiatushernien und Kardiainsuffizienz 
in Verbindung mit Pleuraschwarte. 1957. Price Sw. Kr. 20: —. 

154. B. Sy_tvEN and H. Matmcren: The histological distribution of proteinase and peptidase 
activity in solid tumor transplants. A histochemical study on the enzymic characteristics 
of the different tumor cell types. 1957. Price Sw. Kr. 30: —. 

155. Gunnar Epsman: Angionephrography and suprarenal angiography. A roentgenologic 
study of the normal kidney, expansive renal and suprarenal lesions and renal aneurysms. 
1957. Price Sw. Kr. 30: —. 

156. BeEncT WETTERDAL: Experimental studies on radioactive zinc in the male reproductive 
organs of the rat. 1958. Price Sw. Kr. 30: —. 

157. Lars-Eric Larsson: Radiation doses to the gonads of patients in Swedish roentgen 
diagnostics. Studies on magnitude and variation of the gonad doses together with dose 
reducing measures. 1958. Price Sw. Kr. 30: —. 

158. HAkan Arvipsson: Angiocardiographic observations in mitral disease. With special 
reference to volume variations in the left atrium. 1958. Price Sw. Kr. 30: —. 

159. Per Opman: Percutaneous selective angiography of the coeliac artery. 1958. Price Sw. 
Kr. 35: —. 

160. Jerzy Ernuorn: Studies on the effect of thyrotropic hormone on the thyroid function in 
man. 1958. Price Sw. Kr. 30: —. 

161. Gunnar Tituinc: The vascular anatomy of long bones. A radiological and histological 
study. 1958. Price Sw. Kr. 25: —. 

162. Torsten Wipén: Renal angiography during and after unilateral ureteric occlusion. A 
long-term experimental study in dogs. 1958. Price Sw. Kr. 30: —. 

163. Carit-Gustar HELANDER: Nephrographic effect and renal arteriographic damage. An 
experimental study. 1958. Price Sw. Kr. 30: —. 

164. H. Giapnixorr: Congenital atresia of the small intestine. A roentgenographic study of 
24 cases. 1958. Price Sw. Kr. 25: —. 

165. Bror BropEéN and JOHAN KaRNELL: Coarctation of the aorta. Aortographic studies of 
the aorta before and after operation. 1958. Price Sw. Kr. 30: —. 

166. Erk Acren: Radioactive sulphur as benzidine sulphate. A methodological study with 
special reference to S*5-labelled penicillin in oral surgery. 1958. Price Sw. Kr. 30: —. 

167. Nits O. Berc and Martin Linpcren: Time dose relationship and morphology of delayed 
radiation lesions of the brain in rabbits. 1958. Price Sw. Kr. 30: —. 

168. OvLte KyeLiGREN: The radiation reaction in the vaginal smear and its prognostic signif- 
icance. Studies on radiologically treated cases of cancer of the uterine cervix. 1958. Price 
Sw. Kr. 35: —. 

169. Bent SORENSEN: Late results of radium therapy in cervical carcinoma. A clinical-statistical 
study on 798 patients treated at the Radium Centre, Copenhagen, during the period 1922— 
1929. 1958. Price Sw. Kr. 25: —. 

170. Martin LinpGren: On tolerance of brain tissue and sensitivity of brain tumours to 
irradiation. 1958. Price Sw. Kr. 25: —. 

171. Otov Daunt and K. J. VixTerL6r: Dose distributions in arc therapy in the 200 to 250 
kV range. Systematic measurements in homogenous phantoms with the beam direction 
perpendicular to the oscillation axis. 1958. Price Sw. Kr. 35: —. (This monograph is in two 
languages, English and German.) 

172. Per Opman and JAN Putuipson: Aortic valvular diseases studied by percutaneous thoracic 
aortography. 1958. Price Sw. Kr. 25: —. 

173. Ertk OpEBLAD, BjORN Westin and SvEN ErIk ENGLUND: Disappearance measuremens. 

Theoretical, technical, biological and medical aspects. 1959. Price Sw. Kr. 30: —. 
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LIST OF SUPPLEMENTS TO ACTA RADIOLOGICA XV 

174. Lars Bitiinc and Erik Severin: Slipping epiphysis of the hip. A roentgenological 
and clinical study based on a new roentgen technique. 1959. Price Sw. Kr. 35: —. 

175. Axe HannGREN: Studies on the distribution and fate of C!4- and T-labelled p-amino- 
salicylic acid (PAS) in the body. 1959. Price Sw. Kr. 25: —. 

176. Lars ByOrx: Cineradiographic studies on the Fallopian tubes in rabbits. 1959. Price 
Sw. Kr. 25: —. 

177. PEKKA VuorINEN: The roentgenographic slit methods. A survey and analysis of procedures 
based on the use of a narrow bundle of roentgen rays (scanography). 1959. Price Sw. Kr. 25: —. 

178. Benct H. O. RosencreEN: Determination of cell mass by direct X-ray absorption. 1959. 
Price Sw. Kr. 25: —. 

179. S. O. Dani, R. THoraeus, K. J. VikTERLOF and R. Watstam: Kilocurie 
cobalt 60 therapy at the Radiumhemmet. Equipment, technique and dose measurements. 
1959. Price Sw. Kr. 35: —. 

180. Bencr Lirja: Motor activity of the stomach. 1959. Price Sw. Kr. 25: —. 

181. Per AmunpsEN: The diagnostic value of conventional radiological examination of the 
heart in adults. (Appendix by R. G. Carpenter: An account of the statistical analysis 
of the relative heart volumes of 755 patients in various disease groups). 1959. Price Sw. 
Kr. 20: —. 

182. H. M. Truby: Acoustico-cineradiographic analysis considerations with especial reference 
to certain consonantal complexes. 1959. Price Sw. Kr. 35: —. 

183. Ertk BorjsEN: Angiographic studies of the anatomy of single and multiple renal arteries. 
1959. Price Sw. Kr. 30: —. 

184. Gustar Notrter: A technique for destruction of the hypophysis using Y°°-spheres. A radio- 
logic, endocrine and histologic study. 1959. Price Sw. Kr. 35: —. 

185. Bencr Litieguist: The subarachnoid cisterns. An anatomic and roentgenologic study. 
1959. Price Sw. Kr. 35: —. 

186. Benct Litireguist: Pontine angle tumour. Encephalographic appearances. 1959. Price 
Sw. Kr. 30: —. 

187. Hotcer SkOLpBoRN: On the design, physical properties and practical application of 
small condenser ionization chambers. 1959, Price Sw. Kr. 30: —. 

188. Jens Nretsen Anno Aetatis Suae LX. Papers dedicated to Jens Nielsen, professor of radio- 
therapy at the University of Copenhagen, on his sixtieth anniversary December 19, 1959. 
Price Sw. Kr. 40: —. 

189. Otov Dant and Karu JOHAN VIKTERLOF: Attainment and value of precision in deep 
radiotherapy. Some fundamentals with special reference to moving beam therapy with 
200 to 250 kV roentgen rays and cobalt 60 gamma radiation. 1960. Price Sw. Kr. 35: —. 

190. Rune S6remarRK: Distribution and kinetics of bromide ions in the mammalian body. 
Some experimental investigations using Br®°™ and Br8. 1960. Price Sw. Kr. 30: —. 

191. Bore. and IncMarR FERNstROM: Radiologic pelvimetry. 1960. Price Sw. Kr. 30: —. 

192. Nits Linpva.t: Renal papillary necrosis. A roentgenographic study of 155 cases. 1960. 
Price Sw. Kr. 30: —. 

193. Paut EpHoim: The tomogram. Its formation and content. 1960. Price Sw. Kr. 30: —. 

194. Rammo Kivitvoto: Pleural calcification as a roentgenologic sign of non-occupational 
endemic anthophyllite asbestosis. (Mineralogic appendix by Oxavi Kuovo.) 1960. Price 
Sw. Kr. 25: —. 

195. SvEN ScHELLER: Roentgenographic studies on epiphysial growth and ossification in the 
knee. 1960. Price Sw. Kr. 35: —. 

196. K. A. HuLtBorn and Bo TOrRNBERG: Mammary carcinoma. The biologic character of 
mammary carcinoma studied in 517 cases by a new form of malignancy grading. 1960. 
Price Sw. Kr. 35: —. 

197. Lars R. Hotst1: The mitotic and radioprotective effect of cysteine and lysine in rat. 

1960. Price Sw. Kr. 30: —. 
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198. Osporne BartLey: The isometric relaxation phase of the left ventricle. An electrokymo- 
graphic study. 1960. Price Sw. Kr. 35: —. 

199. GuNNAR WILLER VEsTBY: Vaso-seminal vesiculography in hypertrophy and carcinoma 
of the prostate with special reference to the ejaculatory ducts. 1960. Price Sw. Kr. 35: —. 

200. ByORN NorDENsTROM: Contrast examination of the cardiovascular system during increased 
intrabronchial pressure. 1960. Price Sw. Kr. 30: —. 

201. Giovanni D1 Curro: RISA encephalography and conventional neuroradiologic methods. 
A comparative study. 1961. Price Sw. Kr. 35: —. 

202. Lars BjOrk: Velopharyngeal function in connected speech. Studies using tomography 
and cineradiography synchronized with speech spectrography. 1961. Price Sw. Kr. 25: —. 

203. Benct O. Ny én: Cleft palate and speech. A surgical study including observations on 
velopharyngeal closure during connected speech, using synchronized cineradiography and 
sound spectrography. 1961. Price Sw. Kr. 25: —. 
204. S. R. B. Norpenstrom, U. Rupue, V. O. ByjOrK and G. MALMstR6m: 
Cardioangiographic studies of the mitral and aortic valves. 1961. Price Sw. Kr. 30: —. 
205. Gunnar CARLBERGER: Kinetics and distribution of radioactive cobalt administered to 
the mammalian body. 1961. Price Sw. Kr. 30: —. 

206. Hans Moz: Kidney size and its deviation from normal in acute renal failure. A 
roentgendiagnostic study. 1961. Price Sw. Kr. 25: —. 

207. HANSEN: Micturition cystourethrography with automatic serial exposures. 
An opinion on the value of the method. 1961. Price Sw. Kr. 30: —. 

208. Finn LUNDWALL: Cancer of the vulva. A clinical review. 1961. Price Sw. Kr. 30: —. 

209. ILMaArRr LINDGREN: Anatomical and roentgenologic studies of tuberculous infections. 1961. 
Price Sw. Kr. 25: —. 
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ACTA RADIOLOGICA publishes selected original 
papers on medical radiology and nuclear medicine. 
The articles are printed in English, French, or Ger- 
man, according to the wishes of the author, and are 
subject to editorial revision; the right is reserved to 
introduce such changes as may be necessary to make 
the contributions conform to editorial standards. Acta 
Radiologica does not hold itself responsible for opin- 
ions expressed by the authors. 

Papers should not exceed 24 pages, including space 
for figures and tables. Only in exceptional cases will 
contributions requiring more space be accepted for pub- 
lication in the journal. More extensive articles may 
be published as Supplements for which special condi- 
tions apply. 

All contributions should ordinarily be addressed 
to the Editorial Secretary, Acta Radiologica, Box 2052, 
Stockholm 2, Sweden. Papers from Denmark, Finland and 
Norway may for convenience be submitted to the Edi- 
tors of the respective countries for preliminary revision. 
The name and address of the department or hospital 
at which the work was carried out should be given at 
the top of the paper; the author should add an address 
to which correspondence can be directed and retain a 
copy of the typescript for reference. 

Contributions should be as clear and concise as pos- 
sible and typewritten with adequate margins and double 
spacing (with at least 1 cm between each line). It is 
important to avoid unessential matter; the typescript 
ihould therefore be carefully revised before submission. 
Alterations at the proof stage are expensive and with 
the exception of small corrections, will be charged to 
the author. Footnotes should be avoided. 

Illustrations and tabular material should be unmoun- 
ted and attached to the typescript in an individual cover; 
they must be provided with suitable short legends com- 
prehensible without reference to the text and typewritten 
on a separate page. Numbering, or any arrowing or let- 
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NOTICE TO AUTHORS 


SUBSCRIPTIONS 
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Acta Radiologica, Box 2052, Stockholm 2, Sweden. 
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good reproduction, lines, as well as numerals and let- 
tering, in diagrams and schematic illustrations, should 
be sharp and well defined and drawn in black Indian ink 
(never in blue). The thickness of such lines and lettering 
should allow for adequate reduction. The Editor reserves 
the right to reduce the size of illustrations as considered 
appropriate. If the prints supplied are not ofasufficient- 
ly high standard for reproduction purposes, the author 
will be required to submit the original films. Colour 
drawings or colour photographs are not ordinarily 
acceptable. 

A short summary not exceeding 75 words must be 
included. The references should be arranged in alpha- 
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full title of the paper, and name of the periodical — 
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title and edition of the book, the name of the publishers, 
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Tiumcer, K.G.: Papillary cystadenolymphoma. Acta 
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VIEWING EQUIPMENT 


DEKASKOP 

Modern space-saving film viewing 

device, giving an illuminated area of 

59” x 35” (150x90 cm). 

Films can be pre-arranged on the sliding 
frames. The magazine, holding 10, (or 15), 
frames is made for left or right-hand + | 
mounting as required. For double capacity 
a magazine on each side of the viewing 
cabinet is recommended. 


MAGNIFYING FILM 
VIEWER by Dr. Mattsson. 


A light-weight eye-shield for localised 
film-viewing. Especially useful for dense 
films; improving definition and detail. 


Further information will be sent gladly on request. 


I DUSTRIVAGEN 23 - STOCKHOLM-SOLNA SWEDEN 


61.088. Acta Radiologica. Vol. 56:6 


ink 
Acta 
6th 
addi  £ 
the 
-d. 
a 
) ELEMA-SCHONANDER 


spécialistes ; 
des moyens de €Ontraste 


lipiodol 


sulfanilamide 
acétiodone 
diodone 


diodone 
a la polyvidone 


méthiodal 
orabilix 
propylix 

sulfate de baryum 4 
vasurix LABORATOIRES 
ANDRE GUERBET 
& cie 


22, rue du Landy - SAINT-OUEN - PARIS (Seine) - MON. 22-56 
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positive or negative, and invert- 
ed. Final image can be viewed by INSTRUMENTS 


fluoroscopic field (110 any number of observers. 
inches) ensures rapid 


cation prior to detailed study. Suitable for use with patient MARCONI INSTRUMENTS LIMITED 
positioned at any angle. St. Albans, Hertfordshire, England 
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EXCERPTA MEDICA 


THE INTERNATIONAL MEDICAL ABSTRACTING SERVICE 
AMSTERDAM LONDON MILAN NEW YORK 


offers two special publications: 
SIDE EFFECTS OF DRUGS 1960 


The third edition provides comprehensive abstracts of refe- 
rences to unwanted effects of drugs from world medical litera- 
ture for the years 1958—1960. Compiled by L. Meyler, M. D. 
Price, Hfl. 20.60 (postpaid) 


PHARMACOLOGICAL AND CHEMICAL SYNONYMS 1961 


A collection of more than 13,000 names in use in current 
medical literature, compiled by E. E. J. Marler, M. D., M. | 
Sc., Ph. D. Price, Hfl. 20.60 (postpaid) 


EXCERPTA MEDICA FOUNDATION | 
AMSTERDAM LONDON MILAN NEW YORK 


Central Offices: 119—123 Herengracht, Amsterdam—C., The Netherlands 


INDEX GENERALE 


Acta Radiologica 


for the years 1949—1958 has been issued. 


It comprises 116 pages of authors and subject in- 


dices for volumes 31—50 of the journal and Nos 


75—172 of the supplements (a series of mono- 


graphs). 


Price: Sw Kr 20: —, unbound, Sw Kr 30: —, bound, excluding 
postage. Published by Acta Radiologica, Box 2052, Stockholm 2, 
Sweden. May be ordered direct from the publishers or through 
booksellers. 
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WITH PENUMBRA DIAPHRAGM SYSTEM , 


The penumbra diaphragm of the ‘Orbitron’ cobalt therapy equipment 
sharply defines the fields with diaphragm leaves at minimum distance 
from the skin. Easily attached, and with micrometer adjustment of 
tungsten copper blocks moving parallel to the sides of the beam, the 
penumbra diaphragm provides a far higher standard of beam defini- 
tion than hitherto possible in cobalt therapy. 

ideally suited to stationary field work, the A.E.I. ‘Orbitron’ also 
provides the most accurate facilities for both ‘pin and arc’ and iso- 
centric positioning techniques. Precise movement of the cobalt 
source around the patient coupled with back and front pointers 
ensures rapid and accurate positioning of all fields. 

With a source of 2,000 curies of cobalt the treatment dose available 
is 90 r/min at 60 cm, yet with shutter closed, the ‘Orbitron’ emits 
only 0.6 mr/hr at 1 m. 


Write for full technical data to: AEI Instrumentation Division 
X-Ray Department, 132-135 Long Acre, London, W.C.2, England. 


VICTROMETER 
X-RAY DOSEMETER 


A portable quartz fibre 
electrometer-type instru- 
ment for consistently acc- 
urate determination of X- 
ray doseage or intensity in 
r per min. Mains energised 


and entirely self-contained. 


Instrumentation Division 
Associated Electrical Industries Limited 
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TENTH INTERNATIONAL CONGRESS 
OF RADIOLOGY 


Montreal — Canada 
August 26th — September Ist 
1962 


The scientific programme for the Tenth International Congress of 
Radiology will include thirty symposia and thirty general sessions ar- 
ranged in sequence developing discussions of the general subject matter 
which was announced in the Preliminary Programme issued in June 1961. 

The titles for these symposia will be: 


Diagnostic Radiology 


Selective Angiography 
(a) Abdominal Aorta 
(b) Coronary Circulation 
(c) Cerebral Circulation 
Renal Disease including Associated Systemic Changes 
Cineradiography 
Paediatric Radiology 
Neuroradiology 


Therapeutic Radiology 


Advances in Knowledge of Radiation Effects on Tissues of Vital Vis- 
cera in Humans 

Clinical Cancer Therapy 

Clinical Treatment Planning 

Interstitial and Intracavitary Radiation Therapy 

Clinical Results of High Energy Radiation Therapy 

Metabolized Radioisotopes in Therapy 


Radiation Physics 


Concepts, Quantities and Units for Radiation Dosimetry 
Physical Concepts in Dosimetry 

Dosimetric Methods 

Whole Body Counting and Scanning 
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Radiation Biology 


New Knowledge of the Cell and its Functions as derived by Auto- 
radiography 

Experimental Studies of Total Body Radiation, Marrow Transplanta- 
tion 

Toxicity and Dose Distribution of Internal Emitters and Chemical 
Protection against Radiation 


Combined Symposia 


Effects of Radiation at the Cellular and Sub-cellular Levels 

Clinical Application of Radiobiology at Cellular and Sub-cellular 
Levels 

High Energy External Beam Therapy 

Total Body Irradiation and Marrow Transplantation at the Clinical 
Level 

Localization by Isotope Methods 

External Localization by Radioisotope Scanning 

Image Amplification 

Dose in Diagnostic Procedures 

Genetic and Somatic Implications of Radiation and Radiation Pro- 

tection 

These will include a number of joint programmes devoted to special 
topics in which two or more of the general fields of diagnosis, treatment, 
physics and biology have interests in common. 

Simultaneous translation in the four official languages will be provided 
for the symposia, which are being especially planned to cover develop- 
ments during the last three years. 

The papers proffered for the general sessions will be selected insofar 
as possible to form groups of common or related interest. 

Radiologists, radiation physicists and radiobiologists who intend to 
attend the Congress and especially those who wish to proffer scientific 
papers, scientific exhibits and scientific cine-films, are urged to complete 
the enrolment forms and other documents pertinent to such scientific 
communications at the earliest possible date - being reminded that the 
closing date for enrolment without additional fee and for proffer of tit- 
les and abstracts is 3lst January 1962. 

Those who have not received a Preliminary Programme with the 
appropriate forms are invited to write to the Secretary-General, Tenth 
International Congress of Radiology, 1555 Summerhill Avenue, Suite 
204, Montreal 25, Canada. 
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Biloptin. Sodium salt of £-(3-dimethylamino- 
methyl! ino-2,4,6-triiodopheny!)-propionic 
acid. 

6 capsules, each of 500 mg. 


Solu-Biloptin. Calcium salt of /-(3-dimethyl- 
amino-methylenamino-2,4,6-triiodopheny|)- 
Propionic acid 

Bottle with 3g. of active agent in powder 
form for the preparation of a suspension. 


aphy and cholangiograplay 


Biloptin 
Solu-Biloptin 


improved oral radiological diagnosis 
of the biliary system 


Exceptional tolerance 


No disturbing residua of contrast medium 
in the bowel 


SCHERING A.G. BERLIN/GERMANY 


Representatives 
Schering A/S Cora Norsk A/S| Nordiska A/B Schering 
Kopenhagen-Ballerup|Oslo NV Stockholm/Saltsjé-Duvna 
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for cinefiuorography...these advances These innovations in design distinguish the Dynamax 
® extended cinefluorographic film runs, up to three “50” series: 
times longer than is possible with any other tube 


superior film definition with the 0.5mm focal spot 
using grid-controlled, millisecond exposures 


© Grid control of electron beam permits millisecond ex- 
posure; allows use of square wave form for most ef- 
ficient use of x-ray energy. 
High speed rotation of anode (to 10,000 rpm) provides 
70% higher energy ratings than similar sized inserts 
for general radiography...these advances operated at conventional speeds. 


increased ratings, new focal spot combinations for Highest 
radiographic and fluoroscopic techniques, to 150PKV 
© superior spot film work, to 15O0PKV, with smaller Anode heat storage capacity 140,000 heat units 
focal spot size, and fluoroscopy, using ultra-fine Anode cooling rate 40,000 heat units 
focal spot " PKY 4 
t unit = 
higher heat loadings for improved individual ex- 


aminations and expanded patient schedules Inquiries welcomed . . . engineering consultation is avail- 


© greater tube maneuverability for under-table able. Write us today for complete technical data on the 
techniques significant new Dynamax “50” series. 


X-RAY TUBES SINCE 1897 — TODAY THEIR LARGEST MAKER 


THE MACHLETT LABORATORIES, INC. 
SPRINGDALE, CONNECTICUT 


Advancing 
the 
; 
| K@ACHLETD 


own 2%. 


Three-phase X-ray apparatus for 
bi-plane angiography, stereo- 
angiography and cine-radiography 


TRIPLEX ANGIOMATIC 1003/2 CE 


Output: 2x300 mA at 150 kV 
2500 ma at 125kV 


Exposure rate 12 exp. per second 


Exposure times 0.003—10 seconds 


Ask for a special pampblet 
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